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LETTER 

FROM 


THE  SECRETARY  OF  WAR, 


TRAN8MITTINO 


Report  of  <^  Tests  of  iron  and  steel  and  other  materials  for  industrial  pur- 
posesj^  hyjlaj.  F.  H.  Parker^  commanding  the  Watertown  Arsenal, 


December  15,  1885. — ^Referred  to  the  Committee  on  Printing. 


Wab  Department, 
Washington  Cityy  December  3, 1884. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate  a  letter  of  the  Chief  of  Ordnance,  United  States  Army,  dated 
the  25th  ultimo,  and  its  accompanying  report  of  ^^ Tests  of  iron  and 
steel  and  other  materials  for  industrial  purposes,"  made  by  Maj.  F.  H. 
Parker,  Ordnance  Department,  United  States  Army,  commanding  the 
Watertown  Arsenal,  with  the  United  States  testing-machine  during 
the  fiscal  year  ended  June  30, 1884. 

Attention  is  respectfully  invited  to  the  remarks  of  the  Chief  of  Ord- 
nance touching  the  urgency  of  the  need  of  an  additional  testing-ma- 
chine, in  order  to  provide  increased  facilities  for  the  steady  prosecution 
of  such  important  work,  an  estimate  for  the  additional  machine  having 
already  been  submitted  by  this  Department,  as  shown  on  page  158  of 
the  Book  of  Estimates. 

KOBERT  T.  LINCOLN, 

Secretary  of  War. 

The  Peesident  pro  tempore  United  States  Senate. 


Ordnance  Office,  War  Department, 

Washington^  D.  C,  November  25,  1884. 

Sir  :  I  have  the  honor  to  submit  herewith,  to  be  transmitted  to  Con- 
gress as  required  by  law,  the  ^'  Report  of  tests  of  iron  and  steel  and  other 
materials  for  industrial  purposes,"  made  by  Maj.  F.  H.  Parker,  Ordnance 
Department,  commanding  the  Watertown  Arsenal,  with  the  United 
States  testing-machine  during  the  fiscal  year  ending  30th  June,  1884. 
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More  than  tliree-fourths  of  the  tests  made  daring  the  year  were  for 
the  GoverDmeut  service,  and  unless  an  additional  macliine — estimated 
for — be  provided  to  test  the  many  small  specimens  submitted,  all  pri- 
vate work  will  soon  have  to  be  discontinued. 

The  machine  was  disabled  during  forty-one  days,  and  this  is  an  addi- 
tional reason  in  favor  of  increased  facilities  for  the  steady  prosecution 
of  such  important  work. 

Very  respectfully,  your  obedient  servant, 

S.  V.  BENfiT, 
Brigadier- General^  Chief  of  Ordnance. 

The  Hon.  Secretary  op  War. 


Watertown  Arsenal, 
Watertownj  Mass.j  August  31,  1884. 

Sir:  I  have  the  honor  to  report  the  results  of  public  tests  made  on 
the  Government  testing-machine  at  this  arsenal  during  the  fiscal  year 
ending  June  30, 1884,  in  compliance  with  the  act  of  Congress  appro- 
priating funds  for  that  purpose. 

As  will  be  seen,  these  tests  were  made  for  industrial  purposes  and  for 
the  Government  service,  and  their  object  was  the  determination  of  the 
strength  of  various  kinds  of  material  ai  d  different  forms  of  construc- 
tion. 

The  whole  number  of  these  public  tests  made  during  the  year  was 
1,424. 

In  addition,  411  tests  for  private  parties  were  made,  making  a  total  of 
1,835  tests.  A  list  of  the  names  and  residences  of  parties  for  whom  pri- 
vate tests  were  made  is  appended. 

The  number  of  tests  made  during  the  year  is  less  than  that  of  the 
preceding  year,  owing  to  the  different  character  of  the  tests,  and  because 
for  a  period  of  forty-one  working  days  the  machine  was  disabled  and 
undergoing  repairs.  With  that  exception  it  has  been  in  operation  con- 
stantly, every  work  day  finding  Mr.  J.  E.  Howard  and  his  assistants  in 
their  places  testing  or  preparing  to  test  the  various  specimens  presented : 
and  although  all  available  time  during  the  year  has  been  occupied,  and 
all  the  testing  work  possible  has  been  done,  there  has  been  generally  an 
accumulation  of  private  work  on  hand  which  had  to  wait,  some  of  it 
for  months,  before  an  opportunity  offered  to  comply  with  the  urgent  re- 
quest of  the  parties  and  test  their  specimens.  But  public  work  neces- 
sarily took  precedence,  and  much  of  it  this  year  being  for  gun  construc- 
tion, consumed  an  unusual  amount  of  time  consequent  upon  the  many 
measurements  to  be  taken  and  the  great  care  exercised.  It  is  thought 
that  what  has  been  done  in  this  direction  is  more  reliable  and  satisfac- 
toiy  than  what  has  heretofore  resulted  from  tests  of  small  specimens 
made  on  machines  not  readily  manipulated.  The  desirability  of  testing 
larger  and  longer  samples  of  gun  material  than  the  minute  pieces  which 
have  heretofore  been  depended  upon  is  recognized  ;  it  gives  an  oppor- 
tunity for  more  accurate  observation  and  determination  of  the  physical 
qualities  of  the  metal.  This  is  exemplified  to  a  limited  extent  by  the 
larger  bars  of  gun  steel  and  cast  iron  given  in  this  report.  Some  inter- 
esting points  respecting  the  effects  of  the  previous  treatment  of  the 
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steel  i8  shown,  wbicb  would  not  have  been  brought  out  by  the  usual 
small-sized  specimens. 

In  the  tangential  tests  an  apparatus  was  devised  to  burst  the  hollow^ 
cylinders,  which  would  give  more  accurate  results  than  that  heretofore 
used.  The  pistons  did  not  enter  the  tested  cylinder,  but  from  a  reser- 
voir the  fluid  was  forced  through  an  aperture  into  the  cylinder.  Thus 
the  surface  of  the  latter  pressed  was  unvarying.  The  usual  mixture  of 
wax  and  tallow  was  first  tried,  but  was  found  not  to  flow  and  transmit 
the  pressure  properly.  Finally  glycerine  was  used  for  the  cast  irouv 
and  water  for  the  steel  cylinders  with  satisfactory  effect. 

The  tests  for  industrial  purposes  consist  principally  of  a  series  ot 
latticed  columns,  a  continuation  of  such  tests  made  in  previous  years — 
tests  of  bricks  and  brick  piers,  of  cement,  concrete,  and  stone  blocks, 
and  of  the  holding  iK)wer  of  nails  and  screws  in  woods,  all  of  more  or 
less  interest  and  value  to  builders.  A  lack  of  time  prevented  a  further 
prosecution  of  these  or  other  miscellaneous  tests,  as  well  as  a  fi;ll 
analysis  and  summing  up  of  the  tests  made. 

As  was  the  case  in  the  previous  year,  nothing  resulted  from  the  pns 
gramme  of  tests  prepared  by  the  American  Societ}'  of  Civil  Engineers. 
No  railroad  companies,  manufacturers,  engineers,  or  other  users  ot 
building  material  co-operated,  as  was  requested,  by  sending  membera. 
of  structures  or  special  shapes  with  the  prescribed  hand  specimens^ 
history  of  the  metal  and  process  of  manufacture,  diagrams,  &c.,  whicb 
was  for  the  purx)0se  of  obtaining  and  distributing  valuable  informatioi> 
on  such  subjects,  and  in  which  case  the  tests  were  free.  Such  a  method 
was  not  followed  in  a  single  case.  But  members  of  structures  and 
various  specimens  are  continually  received  from  railroad  companies^ 
manufacturers,  and  engineers  for  private  tests,  in  which  case  payment 
of  the  actual  expenses  is  made,  and  the  report  in  private  and  confident 
tial. 

It  was  desired  to  make  further  tests  upon  riveted  joints,  in  contin- 
uation of  previous  ones,  and  efforts  were  made  to  procure  the  proper^ 
specimens,  fabricated  from  uniform  metal  of  a  fair  quality,  but  makers^ 
declined  to  take  the  contract  to  supply  what  was  wanted  where  great 
uniformity  was  required,  and  as  it  became  evident  that  the  amount  ot 
Government  work  would  not  admit  of  a  prosecution  of  such  tests  th& 
project  was  abandoned. 

It  is  quite  evident  now  that  this  one  machine  can,  with  great  ad- 
vantage, be  occupied  entirely  in  making  tests  for  the  diffierent  depart- 
ments of  the  Government  required  in  carrying  on  their  current  work.. 
It  is  not  improbable,  indeed,  that  the  ordnance  service  of  the  War 
Department  alone  will  soon  have  suf&cient  testing  work  to  fill  the  whole 
time  of  the  machine,  to  the  exclusion  of  work  from  all  other  sources ; 
and  as  citizens,  city  governments,  and  corporations  seem  to  have  confi- 
dence in  this  testing-machine  and  its  impartial  and  skillful  manage- 
ment, the  question  arises  whether  or  not  it  would  not  be  advisable  to 
supplement  this  with  another  smaller  machine,  as  recommended  in  my 
last  year's  report,  which  would  relieve  this  machine  of  much  of  its  work.. 

During  the  year  several  new  appliances  and  fixtures  have  been  pro- " 
cured  which  add  to  the  convenience  and  accuracy  in  making  tests ;  also- 
new  and  more  delicate  measuring  instruments  have  been  made  here  for 
use  with  the  machine. 

A  more  complete  set  of  record  books,  properly  printed  blanks  for  re- 
ports, and  for  conducting  the  business  of  the  testing  department,  have 
been  obtained  and  a  more  methodical  system  established. 
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THe  receipts  and  expenditures  daring  the  year  were  as  follows : 

Amoant  appropriated  for  testinf^-machlne  and  testing  work $10, 000  00 

Heceived  during  the  year  for  private  tests 994  13 

10,994  13 

Amount  expended  for  services  and  labor 6,220  14 

Amount  expended  for  steam-power,  tools,  implements,  repairs,  and  im- 
provements    4,102  32 

Amount  expended  for  materials  for  testing 28  35 

Balance  covered  into  Treasury 643  32 

10,994  13 

Very  respectfolly,  your  obedient  servant, 

P.  H.  PAEKBR, 
Major  Ord.  Deptj  U.  8.  A.,  Commanding. 

The  Chief  of  Ordnanoe  U.  S.  Armt, 

Washingtonj  D.  (7. 
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1.— C0MFRE8SI0H  OF  WBOUOHT-IEOH  COLUlOrS. 
Latticed,  Box  and  Solid  Web. 

The  following  tests  complete  the  series  of  seventy-four  colamns,  of 
which  number  forty  were  tested  and  included  in  the  Report  of  Tests 
made  at  Watertown  Arsenal  for  the  year  1883. 

The  styles  of  posts  represented  are  those  composed  of— 

Channel  bars  with  solid  webs. 

Channel  bars  and  plates. 

Plates  and  angles. 

Channel  bars  with  latticed  sides. 

Channel  bars  latticed  on  one  side  and  with  continuous  plate  on  one 
side. 

Sixteen  posts  were  tested  with  flat  ends ;  18  were  tested  with  3J"  pin 
ends. 

The  pins  were  placed  in  the  center  of  gravity  of  cross-section,  except 
two  posts  of  set  K,  which  had  the  pins  in  the  center  of  gravity  of  the 
channel  bars,  giving  an  eccentric  bearing  to  these  columns  on  account 
of  the  continuous  plate  on  one  side  of  the  channel  bars. 

The  pins  were  used  in  a  vertical  position,  unless  otherwise  stated  in 
the  details  of  the  tests. 

In  the  testing  machine  the  posts  occupied  a  horizontal  position.  They 
were  counter-weighted  at  the  middle.  Cast-iron  bolsters  for  pin  seats 
were  used  between  the  ends  of  the  columns  and  the  flat  compression 
platforms  of  the  testing  machine. 

The  sectional  areas  were  obtained  from  the  weights  of  the  channel 
bars,  angles,  and  plates,  which  were  weighed  before  any  holes  were 
punched,  calling  the  sectional  area,  in  square  inches,  one-tenth  the 
weight  in  pounds  per  yard  of  the  iron. 

Compressions  and  sets  were  measured  within  the  gauged  length  by  a 
screw  micrometer. 

The  gauged  length  covered  the  middle  portion  of  the  post,  and  was 
taken  along  the  center  line  of  the  upper  channel  bar  or  plate,  always 
using  a  length  shorter  than  the  distance  between  the  eye-plates  to  ob- 
tain gaugings  unaffected  by  the  concentration  of  load  at  those  pointa. 

The  deflections  were  measured  at  the  middle  of  the  post.  An  arm 
carrying  a  pointer  was  clamped  to  the  post.  The  pointer,  moving  over 
the  face  of  a  dial,  indicated  the  amount  and  direction  of  deflection. 

Loads  were  gradually  applied,  measuring  the  compressions  and  de- 
flections after  each  increment,  returning  at  intervals  to  the  initial  load 
to  determine  the  sets. 

The  maximum  load  the  column  was  capable  of  sustaining  was  recorde 
as  the  ultimate  strength,  although  previous  to  reaching  this  load  con- 
siderable distortion  may  have  been  produced. 
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No.  377.— Set  B. 


't 


5P 


if 


r^n^ 


^J  K^  Ky 


W 


m 


B 

(Tested  with  flat  ends.) 

Total  length,  W  7''.90. 

Ganged  length  (along  center  line  channel  A),  SCV'. 

Total  weight  (includes  eye- plates),  538  pounds. 


Swiiowd  area, 

Channel  A,  1(K  8" ;  weight,  136  pounds ;  web,  ".35. 
Channel  B,  IC  8";  weight,  109  pounds;  web,  ".2r.. 

Plate  C,  10' 8";  weight,  92  pounds 

Plate  D,  lO' 8" ;  weight,  92  pounds 


SqiiAre  indies. 

3.83 
3.07 
2.69 
2.69 


12.08 


Applied  loads. 


In  ganged  length. 


FoundM. 

•SOOO 

10,000 

20,000 

30.000 

40,000 

50,000 

6,000 

60,000 

70,000 

80,000 

90,000 

100,000 

5,000 

110,000 

120.000 

130,000 

140,000 

150,000 

5,000 

160,000 

170,000 

180,000 

190,000 

200,000 

5,000 

210,000 

220,000 

230,000 

240,000 

260,000 

6^000 

260.000 

270,000 

280.000 

290,000 

300,000 

5^000 

810,000 


Persqaare    Compres-  '       a^^ 


axon.       < 


Foundi. 


Inch. 

0. 

.0006 
.0026 
.0048 
.0068 
.0000 


.0116 
.0140 
.0IG2 
.0182 
.0209 


.0231 
.0254 
.0279 
.0302 
.0324 


.0340 
.0372 
.0898 
.0421 
.0445 


.0466 
.0400 
.0516 
.1540 
.0564 


.0580 
.0616 
.0640 
.0670 
.0699 


.0729 


Inch. 
0. 


—.0002 


—.0002 


—.0006 


—.0003 


—.0001 


.0010 


DeflectionB  at  middle. 

1 

1 

Bemarks. 

Horizontal.!  Vertical. 

1 

1 
Inch,      1     Inch. 

0. 

0. 

Initial  load. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

—.01 

0. 

—.01 

0. 

-.01 

0. 

—.02 

0. 

—.02 

0. 

0. 

0. 

—.02 

0. 

—.03 

0. 

—.03 

0. 

—.03 

0. 

—.03 

0. 

0. 

0. 

—.03 

0. 

—.03 

0. 

—.04 

0. 

-.04 

0. 

—.04 

0. 

0. 

0. 

—.04 

0. 

—.04 

0. 

—.01 

0. 

—.06 

0. 

—.06 

0. 

—.01 

—.01 

—.06 

-^01 

—.06 

—.01 

-^06 

—.01 

-.06 

—.01 

—.06 

—.01 

-.01 

—.01 

—.06 

—.01 
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Applied  loads. 

In  general  length. 

Defleotiona  at  middle. 

Total. 

Per  Mnare 
inon. 

Compres* 
elon. 

Set 

Horisontal.  Yertloal. 

Bemarka. 

Pounds. 
320,000 
830,000 
340,000 
850,000 
5,000 
380.000 
870,000 
880,000 
383,200 

Pounds. 

Inch. 
.0750 
.0780 
.0820 
.0858 

Inch, 

Inch.           Inch. 

— .  07    i      — .  01 

— .07    '      — .01    ' 

— .  07          — .  01     ' 

—.08          — w  01    j 

.0042 

—.02          —.01 
— .  08          — .  01 

.0808 
.0038 
.0003 

— .  00    !      —.01 

— .10    '      —.01    1 

3L722 

—.12    '      — .01    '  intlniaie  atranffth. 

*      1           *^* 

Failed  by  backling  plate  D  between  the  riveting,  at  points  V2"  from 
the  middle,  and  2(y^  from  the  end  of  the  column. 


No.  378.— Set  B. 


't 


'^ 


T 


^^  ^^  /^ 


ii 


I  #"^4 


I 


(Tested  with  flat  ends.) 

Total  length,  10'  7".90. 

Gauged  length  (along  center  line  channel  A),  80^^ 

Total  weight  (includes  eye-plates),  515  pounds. 


Sectional  area. 

Square  inohaa. 

Channel  A,  10' 8";  weight,  111  poDudH;  web,  ".25 3.12 

Channel  B,  IC  8" ;  weight,  114  pounds;  web,  ".25 3.21 

Plate  C,  IC'8";  weight,  78  pounds 2.19 

Plate  D,  ICS";  weight,  92  pounds 2.59 

11.11 


Applied  loada. 


Total. 


Pounds. 

5,000 
10,000 
30,000 
80,000 
40,000 
60,000 

5.000 
80,000 
70,000 
80,000 
00,000 
100.000 

5,000 


Per  aqnare 
inon. 


Pounds. 


In  ganged  length. 


Comprea'  . 
aion.      I 


Set 


Ineh. 

0. 

.0010 
.0034 
.0080 
.0084 
.0110 


Inch. 
0. 


.0184 
.0180 
.0187 
.0211 
.0284 


-.0001 


-.0001 


Defleotiona  at  middle. 

Horizontal. 

Vertloal. 

! 

Jneh. 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a 

0. 

0. 

Bemarka. 


Initial  load. 


TESTS   OF  IBON   AND   STEEL   AND   OTHER  MATERIALS. 
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Applied  loads. 


In  gauged  length.      |  Defleotions  at  middle. 


Total 


Pounds. 
110,000 
120.000 
130,000 
141^000 
150.000 

5,000 
160,000 
170,000 
IPO.  000 
190,000 
200,000 

5,000 
210.000 
220,000 
230.000 
240,000 
250,000 

5.000 
260,000 
270.000 
380,000 
290,000 
300,000 

5,000 
810.000 
320,000 
330.000 
340,000 
350,000 

5,000 
360.000 
370.000 
372,000 


Per  square , 
inoh.       ' 


Pounds, 


Compres-  i 
aion. 


Inch, 
.0260 
.0287 
.0311 
.0339 
.0362 

".0396* 


Set 


Inch. 


Horizontal.  Vertical 


Remarks. 


-.0001 


.0416 
.0442 
.0470 
.0495 


.0521 
.0647 
.0572 
.0600 
.0620 


+.0001 


.0658 
.0688 
.0718 
.0747 
.0780 


0009 


.0033 


.0814  I 
.0850  I 
.0890 
.0938 
.0998  L 


33,564 


0119 


.1050 
.1173 


Ineh. 

Ineh, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a 

a 

0. 

0. 

-.01 

a 

-.01 

0. 

-.01 

0. 

-.01 

a 

0. 

0. 

-.01 

0. 

-.01 

0. 

-.01 

0. 

-.01 

0. 

-.01     , 

0. 

0.         ' 

0. 

-.01 

0. 

—.01 

0. 

-.01 

0. 

-.01 

0. 

-.01 

0. 

0- 

—  08 

—  04    ' 

—  08 

—  04     i 

-.08 

-04    1 

1 
1 

-.08 

Ultimate,  strength. 

Failed  by  backling  plate  G  30''  from  end  and  plate  D  4tS"  from  end 
of  colamn. 

No.  367.— Set  B. 


^^ 


k 
-p.^ 


^ 


e 


r^  r\ 


1  »  hJ> 


# 


(Tested  with  3 J"  pins.) 

Length,  center  to  center  of  pins,  150''. 
Gauged  length,  150". 
Total  weight,  722  pounds. 
Counter- weight  at  middle,  360  pounds. 

Stetional  area. 


Channel  A,  15'  8"  ;  weight,  156  pounds ;  web,  ".25  . . 
Channel  B,  15'  8";  weight,  158  pounds;  web,  ".25... 
Plato  C,  15'  8";  weight,  141  pounds;  thickness,  ".27, 
Plate  D,  15'  8";  weight,  141  pounds;  thickness,  ".27 


Square  inches. 

2.99 

3.03 

2.70 

2.70 


11.4  2 
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TESTS    OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


Applied  loads. 


In  ganged  length.       Deflectioneat  middle. 


Total. 


Pounds. 

5,000 
10.000 
20.000 
30,000 
40,000 
50.000 

5.000 
60.000 
70,000 
80.000 
90.000 
100.000 

5,000 
110,000 

lao.ooo 

130,000 

140.000 

150,000 

5.000 

leo.ooo 

170,000 
180.000 
190.000 
200,000 

5,000 
210.000 
220.000 
280,000 
240,000 
260,000 

5.000 
280,000 
270,000 
280.000 
290,000 
800,000 

5,000 
810,000 
820,000 
880,000 
840,000 
350,000 

5,000 
855,000 
860,000 
865,000 
367,000 
369,200 


Per  square '  Compres 
incn.       ■       8ion 


.1 


Pound*. 


Inch. 

0. 

.0020 
.0053 
.0093 
.0137 
.0180 


32.329 


.0601 
.0738 
.0787 
.0834 
.0886 


.0038 
.0998 
.1037 
.1089 
.1142 


.1197 
.1248 
.1308 
.1865 
.1428 


.1484 
.1547 
.1618 
.1699 
.1794 


.1866 
.1930 


1 

.0229 

.0271 

' 

.0317 

.0363 

1 

.0409 

.0457 

.0503 
.0549 
.0507 
.0644 

,,.,,,,.,,,. 

'.'....'. 

Set. 


Horizontal.  VerticaL 


I 


KemarkB. 


Inch. 
0. 


.0003 


0008 


■I 


.orj07   • 


.0009 


.0021 


.0052 


.0169 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.01 
.02 
.02 
.02 
.02 
.03 
.01 
.01 

0. 

0. 

0. 
.02 

a 

0. 
0. 
0. 
0. 

t. 

0. 

—.01 
-.01 
-.01 
-.01 
+.02 
-.01 
-.01 
-.01 
-.01 
-.01 
+.02 
0. 
0. 

+.01 
.01 
.08 
.04 
.05 
.07 
.11 
.15 
.28 


0. 
0. 

.01 

.01 

.02 

.02 
0. 

.04 

.05 

.05 

.05 

.02    ! 

.05 

.06    I 

.06    , 

.06    I 

.06    I 

.02 

.06 

.06 

.06 

.06 

.06 

.02 

.06    I 

.06 

.06 

.06 

.06 

.09 

.06 

.06 

.06 

.06 

.06 

.03 

.06 

.06 

.06 

.06 

.06 

.03 

.06 

.03 
0. 

-.02 
-.03 


Initial  load. 


Snapping  soiudB. 
TTltlmate  atrength. 


Failed  by  horizontal  deflection,  perpendicular  to  the  axis  of  the  pins; 
with  plate  0  on  the  concave  side. 
Pin-holes  in  channel-bar  webs  elongated  '^06. 


No.  368.— Set  B. 


(Tested  with  Si"  pins.) 
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LeDgtb,  center  to  center  of  pins,  16'  O'M 
Gauged  length,  150''. 
Total  weigbt,  715  pounds. 
Counter-weight  at  middle,  357  pounds. 


Sectional  area, 

SqiiAre  inohes. 

Channel  A,  lo'8";  weight,  158  pounds;  web,  ".25 3.03 

Channel  B,  15' 8'';  weight,  158  pounds;  web,  ".25 3.03 

PlateC,  15'8";  weight,  140  pounds ;  thickness,  ".28 2.68 

PlateD,  15'8";  weight,  140  pounds ;  thickness,  ".28 2.68 


11.42 


Applied  loads. 


1^  ganged  length. 


TotaL 


Fcundi. 

5,000 

10,000 

20.000 

80,000 

40.000 

50,000 

5,000 

60,000 

70,000 

80,000 

00,000 

100,000 

6,000 

110,000 

120,000 

130,000 

140.000 

150.000 

5,000 

100.000 

170,000 

180.000 

190,000 

200.000 

5.000 

210.000 

220.000 

230,000 

240,000 

250,000 

5,000 

200.000 

270,000 

280,000 

280.000 

300.000 

5,000 

310.000 

820,000 

330.000 

840,000 

350,000 

5.000 

355,000 

360.000 

365,000 

370.000 

875,000 

379.200 


Persqnare    Conprea* 
inoD.      '       aion. 


Poundi. 


Inch, 

0. 

.0080 
.0034 
.0136 
.0184 
.0234 


33,205 


.0284 
.0333 
.0388 
.043J 
.0481 


.0532 
.0681 
.0631 
.0681 
.0731 


.0780 
.0829 
.0879 
.0929 
.0979 


.1023 
.1073 
.1123 
.1173 
.1220 


.1270 
.1320 
.1370 
.1443 
.1497 


.1660 
.1620 
.1689 
.1769 
.1850 


.1908 
.1964 


Set. 


Inch. 
0. 


Deflections  at  middle. 


Horisontal. 


—.0001 


-^OOOl 


.0004 


.9011 


.0029 


.0078 


.0187 


{ 


Inch. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

Ol 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

.01 
.01 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

0. 

.03 
.04 
.04 
.05 
.06 

0. 

.06 
.05 
.05 
.07 
.12 
.15 
.30 


Yertioal. 


Inch. 
0. 
—.01 
-^02 
-.08 
-^03 
—.08 

—  02 
-.04 
— w04 
—.04 
-^04 
-^04 
— v08 
—.04 
—.04 
— w05 
— w05 

—  06 
—.04 
—.06 
—.05 
-^06 
—.06 
—.06 
—.04 
—.06 
—.07 
— v07 
— w07 
—.07 
—.05 
—.07 
—.07 
—.07 
—.08 
—.08 
—.07 
—.10 
—.10 
—.10 
—.12 
—.13 

z;^ 

—.18 
—.15 
—.17 
—.20 
— w20 


Betnarks. 


Initial  load. 


intimate  strength. 


FaOed  by  horizontal  deflection,  perpendicalar  to  the  plane  of  the  pins 
with  plate  0  on  the  concave  side. 
Pin-holes  In  channel-bar  webs  elongated  ''.05. 
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TESTS   OF   IRON  AND   STEEL   AND   OTHER   MATERIALS. 


D 


No.  356.— SET  B. 


tr.  r^  r\. 


H_-  -..■Tj^ 


J' 


%0 


G.10        H 


\^  y^\ 


rAiPi 


B 

(Tested  with  3J"  pins.) 

Length,  center  to  center  of  pins,  20'. 
Total  weight,  914  pounds. 
Coanter-weight  at  middle,  457  pounds. 


Seoixonal  area, 

Channel  A,  20'  b";  weight,  210  pounds;  web,  ".25 
Channel  B,  20'  8";  weight,  209  pounds;  web,  ".25. 

Side-plate  C,  20'  8"  ;  weight,  188  pounds 

Side-plate  D,  20'  8" ;  weight,  180  pounds 


Sqaare  Inches. 

3.05 

3.03 

2.73 

2.61 


Applied  loads. 


Total. 


P»und». 

5,000 

10,000 

20,000 

30, 000 

40.000 

50,000 

5,000 

00,000 

70,000 

80,000 

90,000 

100,  000 

5,000 

110, 000 

120,000 

130.000 

140.  000 

150.  000 

5,000 

160.000 

170,000 

180,  000 

190,000 

200,000 

5,000 

210,000 

220.000 

230,000 

240,  000 

250,000 

5,000 

260,000 

270,000 

280,000 

290.000 

300,000 


Per  BQuare 
inca. 


Poundt. 


In  ganged  length.       Deflections  at  middle. 


Compres- 
sion. 


Inch, 

0. 

.0016 
.0061 
.0116 
.0169 
.0228 


Sot. 


Inch. 
0. 


.0282 
.0342 
.0400 
.0461 
.0510 


.0576 
.0638 
.0699 
.0759 
.0820 


0881 
.0948 
.1010 
.1073 
.1138 


-.0010 


-..0016 


—.0023 


.1200  . 

.1267  , 

.1332  . 

.1400  < 
.1468 


.1530 
.1600 
.1676 
.1748 
.1828 


—.0011 


Horizontal.  VerticaL 


—.0023 


Inehet, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 
—.01 
—.01 
-.01 

0. 
—.02 
—.02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
-^03 
—.04 
—.04 

0. 
—.04 
—.05 
—.06 
-^06 
—.06 

0. 
—.07 
—.07 
—.08 
—.07 
—.09 


Inch. 

0. 

0. 

0. 

.02 
.03 
.03 
.02 
.05 
.06 
.  0B 
.06 
.06 
.02 
.07 
.08 
.08 
.08 
.08 
.01 
.09 
.09 
.10 
.10 
.10 
.01 
.10 
.10 
.10 
.11 
.10 
.03 
.13 
.14 
.14 
.14 
.15 


11.42 


Remarks. 


Initial  load. 


TESTS   OF  IRON   AND   ST£EL   AND   OTHES   MATERIALS. 
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Applied  loads. 

In  ganged  lengtlw. 

Defleotlone  at  middle. 

Bemarka. 

ToteL 

PerMmare 
incn. 

CompTea« 
eion. 

Set. 

1 
Horizontal. 

YerticaL 

5.000 
810,000 
815,000 
820,000 
327,000 
880,000 
885^000 
840,000 
342,000 
810^000 

156,000 

5^000 

180^000 

Poirndf. 

Inch. 

Ineh. 
.0089 

IncKsa. 
-.02    ; 
—.18    ' 
-^13 
-.16    . 
—  19    , 
— w21 
—.24 
— w80 
-.45 
-1.00 

—3.27 

—8.10 
-3.56 

Ineh. 
.07 
.16 
.20 
.20 
.33 
.23 
.25 
,91 
.80 

Kicrometer  re- 
moved. 

Ultimate  strength. 

Sudden  sprinslnff 
under  thla  loaa 
and  deflection. 

Load  and  deflection 
after  epringing. 

MaTlmnm  load  soa- 
tained  after  abore 
deflection. 

•"* "**• 



29,047 

•***•*  •••••• 

•■••••■«•«•« 



■  •«••««««• 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the 
pins,  plate  O  being  on  the  convex  side. 

When  sudden  springing  occurred,  plate  D  was  buckled  between  the 
riveting  24:"  from  the  middle  of  the  length  of  the  column, 
•holes  in  channel- webs  elongated  '^01^  each. 


No.  367.— Sbt  B. 


JD 


A. 


# 


'bUJ'T 


#' 


;; 


1 


f^ 

H 

.§ 

^ 


% 


(Tested  with  3^^'  pins.) 

Length,  center  to  center  of  pins,  2(y. 

Ganged  length  (along  center  line  of  channel  A),  20(y^ 

Total  weight,  905  pounds. 

Counter- weight  at  middle,  452  pounds. 

Sectional  area. 


Clumiiel  A,  SO'  8";  weight,  207  poandB;  web,  ''.25. 
Channel  B,2(y&*;  weight,  210  ponnds;  web,  ''.26. 

Side  plate  C,  20*  8" ;  weight,  183  pounds 

Side  plate  D,  20"  8" ;  weight,  179  ponnds 


Square  inches. 

3.00 

3.05 

2.66 

2.60 


11.31 


S.  Ex.  35 2 


TESTS  OF  IBON  AND  STEBL  AKD  OT^EB  HATESULB. 


mm 

m 

Til 

KM).  000 

no.om 

IE 

.Mrs 
.mn 

—.01 

—nt 

^H 

—.OS 

=s 

—.07 
0. 

— .« 

—  M 

=g 

E" 

DlUmMaatreofth. 

.OMi 

:» 
:iLl 

.(WIS 

•i 

.DM1 

.1«M 

.OlM 

-ii,iii- 

Failed  by  horizontal  deflection:  vlth  plate  0  on  the  conrez  aide. 

After  reaching  the  inaximnm  load,  deflection  increaaed  slowly  till  it 
had  reached  — 0".75,  the  load  at  the  time  being  320,000  poanda.  From 
this  point  the  rate  of  deflection  accelerated  till  it  reached  — 1".80  under 
310,000  ponndtt  load,  when  sudden  apringing  occnrred,  increasing  the 
horizontal  deflection  to  —3" .35,  while  the  pressure  fell  to  155,000  poanda. 

Released  to  the  initial  load  the  deflection  vaa  — 2".08. 

A  sharp  bend  was  found  20  inches  from  the  middle  of  the  post;  the 
plate  on  the  concave  side  bnotcled  between  tiie  riveting.  Pin-holes 
elongated  0".01. 


0 


0 

O 

to 

^JV-J'J'/^ 

_ 

O 

0 

«5 

^ 

fj; 

_, 

o 

o 

« 

p 

0 

0 

o 

■•5 

2- 

o 

■9 — 

p 

o 

"J 

o 

o 

5? 

0 

o 

X 
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k* 

o 

® 

0 

1 

J 
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No.  371.— Set  0. 


I  I 


(TOstod  wiih  3}'^  pins.) 


LeDgth,  center  to  center  of  pins,  9^  ll'^9. 
Changed  length,  SCV. 
Total  weight,  500  poands. 
Not  counter-weighted. 

8e€tional  area. 

BquuttlnohM. 

Plate  A,  10*8";  weight,  70  pounds 1.97 

Plate  B,  lO*  8" ;  weight,  70pouiid8 l.»7 

PUteC,  la's";  weight,  51  poandB 1.43 

Plate  D,  1(^8";  weight,  50  pouods : 1.41 

Four  angles,  10^8";  weight,  84  pooodo 2.36 

Total 9.14 


Applied  loads. 

In  ganged  length. 

Defleotiona  st  middle. 

Bemsrka. 

TotaL 

PerMUMO 
inon. 

Compree- 
■ion. 

Set. 

HorizontRL 

YerUosl. 

Ptfimdf. 

6^000 
10,0J0 
90.000 
80,000 
40,000 
50,000 

6^000 
00,000 
70,000 
80,000 
90,000 
100»OOS 

S.000 

uo^ooo 

190,000 
180,000 
140,000 
160^000 

fiiOOO 
100.000 
170,000 
180,000 
190^000 
300.000 

ft,  000 
310,000 
220,000 

aao^ooo 

210,000 
260,000 

Pound*. 

Ineh, 

0. 

.0012 
.0048 
.0070 
.0108 
.0180 

Inch, 
0. 

0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 

a 
a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-.01 

a 

-.01 
-^01 
-%01 
-^01 
—.01 

Inch, 
0. 
0. 

a 

Ol 

0. 
.01 

0. 
.01 
.02 
.02 
.02 
.02 

a 

.08 
.02 

.oa 

.02 

0. 
.02 
.02 
.02 
.02 
.02 

0. 

.02 
*       .02 
.02 
.02 
.02 

Initial  load. 
Snapping  aonndn. 

V 

0. 

.0172 
.0204 
.0234 
.0207 
.0800 

^0001 

.0684 
.0860 
.0204 
.0440 
.0474 

.0011 

.0514 
.0549 
.0688 
.0628 
.0060 

.0080 

.0700 
.0740 
.0782 
.0624 
.0670 
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TESTS   OF  lEON  AND   STEEL  AND   OTHER  MATERIALS. 


Applied  loads. 

In  gauged  length. 

Deflections  at  middle. 

Bemarks. 

Total. 

PersoiiBre 
tnon. 

Compres- 
sion. 

Set. 

HorizontaL 

Yertioal. 

PoiMMff. 

5,000 
260,000 
265,000 
270,000 
275,000 

5,000 
280,000 
285,000 
286^100 

Ftmndt, 

Imch, 

Inch. 
.0072 

Inch. 
+.01 
-^01 
—^01 
-^01 
-.01 
+.02 
0. 
—.01 
.02 

Jfidk. 
0. 

.08 
.03 
.04 
.05 
.08 
.08 
.10 
.11 

ITltimAte  atxmgth. 

.0914 
.0945 
.0966 
.0994 

.0117 

81,802 

Failed  by  buckling  the  plates  22''  from  center  of  pin-hole,  between 
the  rivets  in  the  first  pitch  beyond  the  eye-plates. 
Pin-holes  in  continaons  plates  elongated  ''.05. 


No.  372.— 8bt  C. 


-*-     9xarx7M 


(Tested  with  3^''  pins.) 


Length,  center  to  center  of  pins,  1(K. 
Clanged  length,  W. 
Total  weight,  525  pounds. 
Kot  counter-weighted. 


Seotitmal  area. 


Plate  A,  W  8";  weight,  81  pounds 

Plate  B,  10'  8" ;  weight,  81  poanda 

Plate  C,  lO'  8";  weight,  59  pounds 

Plate  D,  IC  8" :  weight.  52  pounds 

Four  angles,  l(r  8'';  weight,  85  pounds 


Total. 


Square  indhes. 

2.88 

2.28 

1.66 

1.46 

2.39 

....  10.07 


TESTS  OF  IBON  AND   STEEL  AND  OTHEK  MATERIALS. 
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Applied  loads. 

In  gauged  length. 

Defleotiona  at  middle. 

Bemarkt. 

1 

ToUL 

Perwniare 
Inon. 

Compiw- 
•ion. 

Set. 

Horlaontel. 

Vertioa]. 

Poundt, 

^ooo 

10,000 
20,000 
80,000 
40,000 
50,000 

PotmdB, 

JndL 

0. 

.0013 
.0043 
.0073 
.0103 
.0134 

Ineh. 
0. 

Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

—  01 
0. 

—  01 

—  01 

—  01 

—  01 

—  01 
0. 

—  01 

—  01 

—  01 

—  01 

—  01 
0. 

—  01 

—  01 

—  01 

—  01 

—  02 
0. 

—  02 

—  02 

—  02 

—  02 

—  02 

a 

—  02 
—.02 

—  03 

—  03 

—  03 

—  03 

—  04 
-.05 

—  04 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 
0. 
—.01 

Initial  loi^. 

1 

5,000 



—  0001 

00.000 
70,000 
80,000 
90,000 
100.000 

.0166 
.0108 
.0227 
.0258 
.0289 

1 

•  •  •           •  a  «  • 

i          5,000 

0. 

110,000 
120,000 
180,000 

*"*."082i  ' 
.0358 
.0382 
.0418 
.0440 

•■•••••••■•• 

-.01    , 

-01 

—.01 

140,000 

150,000 

1 

5,000 

.0009 

0. 

—  02 

—  02 

—  02 

—  02 

—  02 

—  01 

—  08 

—  08 

—  08 

—  08 

—  08 

—  02 

—  08 

—  08 

—  08 

—  08 

—  03 

—  02 

—  04 

—  05 

—  06 

—  00 
-.07 

—  08 

—  08 

—  10 

—  17 

Snapping  tonndf. 
Ultimate  strength. 

180,000 
170.000 

.0480 
.0512 
.0544 
.0578 
.0612 

180,000 

190,000 
200,000 

•....•••.••. 

6,000 

210,000 
220,000 
280,000 
240,000 
260,000 
6^000 
260,000 
200,000 

.0028 

.0649 
.0082 
.0719 
.0756 
.0791 

.0000 

.0812 
.0832 
.0868 
.0878 
.0899 

••••••••■••• 

266,000 
270,000 
276,000 
6^000 
280,000 
286.000 
290,000 
296,000 
800,000 
806,000 
810.000 

.0080 

316,000 
819,200 

31,006 

Failed  by  buckling  the  plates  between  the  riveting.    Plate  A  buckled 
41'^  fix>m  center  of  2^"  pin ;  plate  B  buckled  20^'  from  center  of  S^''  pin. 
Pin-holes  in  continnons  plates  elongated  ^'.07. 

No.  370.— 8bt  C. 


♦-       9.00  A  ^2 


(Tested  with  3J"  pins.) 
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TESTS   OF  IBON   AND   STKEL   AND   OTHER  MATERIALS. 


Length,  center  to  center  of  pins,  15' — C'. 
Ganged  length,  100'^ 
Total  weight,  668  pounds. 
Goanter-weight  at  middle,  334  pounds. 


Sectional  area, 

Sqiure  inohM. 

Plate  A,  15' 8"^;  weight,  lOGpoands 2.03 

Plate  B,  15' 8";  weight,  101  pounds 1.93 

Plate  C,  15' 8";  weight,  72  pounds 1.38 

Plate  D,  15' 8";  weight,  72  pounds 1.38 

Fonr  angles,  15' 8" ;  weight,  130  pounds 2.49 

Total --.  9.21 


Applied  IcMds. 

In  ganged  length. 

Deflectiona  at  middle. 

Bemarka. 

Total. 

Per  Mnare 
incn. 

Compree- 
aion. 

Set 

HoriaontaL 

Vertical. 

Poundt, 

6,000 

10,000 

20,000 

80,000 

40,000 

60.000 

6,000 

60,000 

70,000 

80.000 

90,000 

100,000 

5.000 

110,000 

120.000 

130,000 

140,000 

150,000 

6,000 

160,000 

170.000 

180,000 

190,000 

200,000 

6,000 

210,000 

220,000 

230,000 

240,000 

260,000 

6,000 

250.000 

255.000 

260,000 

270,000 

275,000 

5,000 

280.000 

285,000 

290,000 

291,500 

Poundt. 

Inch. 

0. 

.0009 
.0040 
.0076 
.0110 
.0147 

Ineh. 
0. 

Inch. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 
-^01 

0. 
—.01 
—.01 
-^01 
-%01 
-.01 

0. 

—.01 
'      -^02 
-^02 
-^02 
—.02 

0. 

—.02 
-^02 
—.02 
—.02 
—.02 
+.02 
-^02 
—.02 
-^02 
—.02 
—.01 
4..  02 
-^01 

0. 

+.01 
.04 

Inch. 

0. 

0. 

0. 

.02 
.02 
.03 

0. 
.04 
.04 
.04 
.04 
.06 

0. 

.05 
.05 
.05 
.06 
.06 
.01 
.06 
.06 
.06 
.06 
.06 
.02 
.07 
.08 
.09 
.10 
.10 
.06 
.12 
.13 
.13 
.14 
.15 
.07 
.17 
.20 
.23 
.30 

Initial  load. 
Ultimate  atrength. 

— w0004 

.0181 
.0219 
.0268 
.0292 
.0328 

**"'******"' 

-^0011 

.0366 
.0402 
.0440 

.0478 

.0614 

-wOOlO 

.0551 
.0501 
.0628 
.0679 
.0705 

%•• 

—.0022 

.0789 
.0777 
.0813 
.0850 
.0888 

-^0016 

.0882 
.0809 
.0918 
.0956 
.0972 

""—.'bois"' 

31,650 

1 

Failed  by  horizontal  deflection,  parallel  to  the  axis  of  the  pins. 
Plate  B  buckled  at  the  middle,  between  the  rivets,  when  the  deflection 
had  reached  ''.60  vertical. 
Pin-holes  in  continuous  plates  elongated  ".04. 


TESTS   OP   IKON   AND   STEEL   AND   OTHER   MATERIALS. 
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No.  369.— Set  0. 


n      -' 


5,30 


xrae 


(Tested  with  3J"  pins.) 

Pins  not  parallel.    Angle  between  planes,  2^^. 

Length,  center  to  center  of  pins,  15' — (V. 

Ganged  length,  100''. 

Total  weight,  680  poands. 

Counter- weight  at  middle,  334  pounds. 

Sectional  area. 


Plate  A,  15'  b";  weight,  115  pounds 

Plate  B,  15'  8" ;  weight,  103  pounds 

Plate  C,  15'  8";  weight,    75  poands 

Plate  D,  15'  8" ;  weight,    70  poands 

Four  angles,  each  15'  8" ;  weight  33^  pounds 


Sqaare  Inohesw 
2.20 

i,m 

1.44 

1.34 

2.49 


9.44 


AppUed  loads. 

In  ganged  length. 

Oeflectioof  at  middle. 

Semarks. 

j      Total. 

1 

Per  sqnATe 
inch. 

Compres- 
sion. 

Set. 

Horisontal. 

Vertical. 

1    Pcunda. 
5,000 

Poundt. 

Inch. 

0. 

.0010 
.0052 
.0004 
.0136 
.0179 

Inch. 
0. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

—.01 
—.01 
—.02 
—.02 

0. 
—.03 
—.04 
—.04 
—.04 
—.04 

0. 
.05 
—.05 
-.06 
—.06 
—.07 

0. 
—.07 

Inch, 

0. 

0. 

0. 

.01 
.01 
.01 

0. 
.01 
.01 
.01 
.01 
.01 

0. 
.01 
.01 
.01 
.01 
.01 
.01 
.02 
.03 
.03 
.04 
.04 
.01 
.05 

Initial  load. 
Snapping  sounds. 

10,000 

_ 

20.000 

80.000 

1        40.000 

50,000 

5,000 

.0008 

60,000 

.0210 
.0259 
.0299 
.0339 
.0379 

70,000 

80,000 

••••••  •••••• 

90,000 

,       100.000 

5,000 
110.000 

lao.ooo 

180,000 
140,000 
150,000 

5.000 
100,000 
170.000 
180,000 
190,000 
300,000 

5.000 
210,000 

. 

.0009 

*  .0420" 
.0460 



.0500 
.0540 
.0579 

.0016 



...... ...... 

.0618 
.0660 
.0098 
.0738 
.0775 

** 

"•"•*••••••• 

,0028 

.0814 
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TESTS  OF   lEON  AND   STEEL   AKD   OTHER  MATEBIAL8. 


Applied  loads. 

1 
In  ganged  length.      ■  Deflections  at  middle. 

1 

1 
Semarks. 

ToUL 

Per  sanare 
inon. 

Compres- 
sion. 

Set. 

HorisontaL 

Yertioal. 

220,000 
880,000 

Pounds, 

Inch, 
.0864 
.0694 
.0938 
.0983 

Ineh. 

Ineh. 
—.08 

Indi. 

.OR 

1 

—.08             .06 

240,000 



—.09             .06 
—.10             - fl7 

260,000 



5,000 
200,000 
270,000 
275,000 

5,000 
280,000 
285,000 
200,000 



.0054 

— w02 

.02    i 
.10 

.1032 
.1079 
.1110 

—.12 
—.13 
—.16 
-^03 
—.18 
—.20 

.12 
.12 
.03 
.12 
.12 

Ultimate  strength. 

.0088 

.1188 
.1178 

•*"•*• •••••• 

80.720 

— >  21    1          -  03 

1 

[ 

^fter  passing  the  maximum  load  the  pressure  fell  gradually  to  2d5,000 
pounds,  while  the  middle  deflections  remained  at — '^21  horizontal  and 
''.03  vertical. 

The  post  then  sprung  suddenly  perpendicular  to  the  plane  of  the  pins, 
increasing  the  middle  deflections  to  — I'MO  horizontal  and  — ".30  ver- 
tical^ plates  A  and  B  buckling  between  the  rivets  2A"  and  18''  from  one 
end,  giving  the  post  a  sharp  bend  at  this  point.  The  resistance  of  the 
post  fell  to  120,000  pounds. 

Pin-holes  in  continuous  plates  elongated  ".04. 

No.  364.— Set  C. 


1 


^ 


-Jfj9 


i 


( 


z 


r 


^ 


(Tested  with  3^"  pins.) 

Length,  center  to  center  of  pins,  20' — 0". 
Gauged  length  (along  center  line  of  plate  A),  200". 
Total  weight,  830  pounds. 
Gounter-weight  at  middle,  415  pounds. 

SeoHonal  area. 

Square  inches. 

Plate  A,20'  8";  weight,  142  pounds 2.06 

PlateB.aCS";  weight,  140  pounds 2.03 

Plate  C,  20^  8":  weight,  97  pounds 1.41 

Plate  D,  20' 8";  weight.  96  pounds 1.39 

Pour  angles,  each  20'  8";  weight,  40^  pounds 2.35 

9.24 


\ 


T£STS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 
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AppUed  loada. 

In  canged  length. 

Defleotiona  at  middle. 

1 

Bemftrke. 

ToteL 

PerMiiaM 
ison. 

ComprMk 
don. 

Set. 

Horiiontal. 

Vertlcia. 

PcmmdM. 
5,000 
10,000. 
15,000 
20,000 
25,000 

Potmdf. 

IneK. 

0. 

.0014 
.0043 
.0076 
.0114 
.0153 
.0229 
.0808 

JfMft. 

0. 

In$h. 
0. 

Ineh. 

0. 

InitiAlload. 

0. 
0. 
0. 
0. 

0. 
0. 

®-      ! 
0. 

80,000 

it    '    2: 

0.                 0. 
0.               —.  02 
-.02    '        0. 

40,000 

50.000 

5,000 

-.0002 

60.000 
70.000 
80,000 
90.000 

""''0383 
.0459 
.0638 
.0614 
.0693 

-.02            0.                                                1 

— .02    i        0- 

-.03 
-.03 
-.01 

0. 

100.000 

5,000 

110.000 

120,000 

0.      1 

-.03 

0. 

0.        1 

0. 

0. 

0. 
-.03 

0. 

.6661" 

.0773 
.0858 

-.06 
-.05 
-.05 
-.06 

•  •••••  •••••• 

130,000 

140,000 

150,000 

5.000 

.0931 
.1011 
.1091 

..06 

•     •  •  •  • 

.0010    \          01 

'      160.000 

.1171 
.1253 
.1833 
.1417 
.1496 

-.06 
—  07 

170. 000  • 

0. 
0. 

.01 
.02 
-.02 
.02 
.03 
.04 

Sharp,  snapping 
Boanda. 

Micrometer  re* 

moved. 
Ultimate  atrength. 

180,000 

,^ 

•  •«••*  ■••••• 

-.07 
-.07 
-.08 
-.08 
—.10 

190.000 
200,000 
6,000 
210,000 
220,000 
230,000 
236,000 
240,000 

.0033 

.1681 
.1663 
.1744 

■  ••*••  ■••••• 

-.11 
-.12 

.1888 

-.14 
-.18 
-.05 
-.20 
-.26 

.06 
.15 
.03 
.27 
.40 

■      250,000 

(         5.000 

.0069 

260,000 

267,500 

28,960 

Failed  by  triple  fiexare;  deflecting  upwards  at  the  middle,  in  the 
plane  of  the  ^^"  pins.  The  maximnm  deflection  occurred  2  feet  from 
the  middle  of  tiie  length  of  the  post. 

Pin-holes  A  and  B  in  the  ^"  plates  elongated  ".02  to  ^^03  each; 
the  eye-plates  slipping  a  corresponding  amount  along  the  axis  of  the 
post,  and  without  elongating  their  pin-holes. 

I^reqaent  sharp,  snapping  sounds  were  heard,  preceding  the  time  of 
Mure. 


Ifo.  356.— Set  0. 


^     asox  S6  ^ 


S) 


J/\P 


I 


( 


S4S\i  « 


1 


( 


c 


,  s,ao 

X.Q5 


^ 


4- 


TIT ^-H «— ^17 

^         9J.0  X.25        -*- 

B 


(Tested  with  3J"  pins.) 
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TESTS  OF  IRON  AND  STEEL  AND  OTHEB  MATERIALS. 


Length,  center  to  center  of  pins,  20'. 

Ganged  length  (along  center  line  of  plate  A),  200'^ 

Total  weight,  838  pounds.  • 

Counter- weight  at  middle,  419  pounds. 

SeoHanal  area. 

Squire  inches. 

Upper  plate  A,  SC  8";  weight,  148  poands 2.15 

Under  plate  B,  20' 8";  weight,  142  pounds 2.06 

Side  plate  C,  20' 8";  weight,  96  pounds 1.39 

Side  plate  D,  20' 8" ;  weight,  97  pounds 1.41 

Four  angles,  each 20' 8";  weight,  40^  pounds 2.35 

9.36 


Applied  loads. 


Total. 


Pounds. 

6,000 

10,000 

20,000 

80,000 

40,000 

60.000 

5,000 

00,000 

70,000 

80,000 

90,000 

100,000 

6,000 

110,000 

120.600 

130,000 

140,000 

160,000 

5,000 

160.000 

170,000 

180,000 

190,000 

200,000 

6,000 

210, 000 

220.000 

280.000 

240,000 

250,000 

6,000 

260,000 

270,000 

279,700 


Per  sonare 
inon. 


Pounds. 


29,879 


In  ganged  length. 


Compres* 
•ion. 


Inch. 

0. 

.0083 
.0110 
.0190 
.0266 
.0343 


.0422 
.0499 
.0673 
.0653 
.0729 


0808 


.0966 
.1086 
.1108 


.1186 
.1262 
.1334 
.1416 
.1403 


.1570 
.1650 
.1730 
.1810 
.1881 


Set. 


Inch, 
0. 


0010 


0014 


0019 


0029 


0057 


Deflectiona  at  middle. 

Hoiicontal. 

YerticaL 

Inch, 

Jnoh, 

0. 

0. 

0. 

0. 

0. 

0. 

—.01 

0. 

—.01 

0. 

—.02 

0. 

0. 

0. 

—.02 

0. 

— w08 

0. 

—.04 

0. 

—.04 

0. 

-^05 

0. 

0. 

0. 

-^06 

0. 

—.06 

0. 

->06 

u. 

—.06 

0. 

—.07 

0. 

0. 

0. 

—.08 

0. 

-w08 

.02 

—.08 

.02 

—.09 

.03 

—.10 

.04 

0. 

0. 

-^10 

.05 

—.11 

.06 

-^13 

.08 

—.14 

.10 

-^17 

.13 

—.04 

.06 

—.20 

-.24 

—.36 

Reroarka. 


Initial  load. 


Micrometer 
moved. 


re- 


Ultimate  strength. 


When  the  horizontal  deflection  had  reached  about  '^60,  the  column 
sprung  suddenly,  increasing  the  deflectiqp  to  2^M0;  at  the  same  time  its 
resistance  as  a  post  fell  to  70,000  pounds. 

The  bend  at  the  middle  was  a  sharp  one,  starting  fractures  where 
plates  were  exposed  to  tensile  strain. 

Pin-holes  A  and  B  in  J''  plates  elongated  ''.03  each.  Pin-holes  in  eye- 
plates  not  elongated.  The  plates  slipped  along  the  post  in  the  line  of 
pressure. 
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Fo.  360.— Set  D. 


K 


^     C 


1 


)S\ 


J^ipy: 


-^0 


^ 


L  J  I 


iV 


(Tested  with  3 J''  pins.) 

Length,  center  to  center  of  pins,  13'  ^i". 

Ganged  length  (along  center  line  of  channel  A),^12(y^ 

Total  weight,  865  pounds. 

Counter- weight  at  middle,  432  pounds. 

&wtiona\  arta. 

SqnAie  InohM. 

Cliimiel  A,  14'  4";  weight,  221  pounds ;  web,  ".31 4.63 

Channel  B,  14' 4'';  wei^t.  223  ponuds ;  web, ''.31 4.67 

Web  plate  C,  13'  1":  weight,  103poande;  tbiokneBS,  ".30 2.36 

Fonranglee,  each  14'  4";  weight,  44  pounds 3.68 

15.34 


Applied  kMds. 

In  gftoged  length. 

Defleetlone  st  middle. 

Bemsrks. 

Total 

PerMOsre 
inoL 

Compies* 
■ion. 

Set 

Horlsontal 

Yertiosl. 

5,000 

10,000 
90,000 
90.000 
40,000 
50,000 
5.000 
00.000 
70.000 
80,000 

Poicfuif. 

0. 

.0004 
.0025 
.0050 
.0078 
.0100 

JfiM. 

0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 
a 

-.01 
-^01 
-.02 
-.03 
-.03 

0. 

-.02 
-.02 
-w02 
-.02 
-.02 

0. 

-.02 
-.02 
-.02 

Indh, 
Ol 
0. 
0. 

a 

.01 
.02 

0. 
.01 
.02 
.02 
.02 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

a 

.01 
.01 
.01 
.01 
.01 
0. 
0. 
0. 
0. 
0. 

-.01 
0. 

-.01 
-.01 
-.01 

TnitiAl  loud. 

• 

Snapping  tonnds. 

.0001 

«■■*•■  ■••••• 

.0120 
.0152 
.0176 
.0202 
.0229 

90.000 
•      100,000 

5,000 

.0001 

110.000 

.*0258" 

.0280 
.0300 
.0333 
.0350 

120,000 

190,000 

140,000 

150,000 

5.000 

,      ]«0,000 

•      170,000 

'      1M.OQ0 

,      190.000 

900,000 

6.000 

no,  000 

220.000 
290.000 
9Mi000 
250.000 
5,000 
200,000 
270,000 
280,000 

.0001 

.0300 
.0417 
.0444 
.0471 
.0501 

.0004 

1 

.0528 

.0555 
.0585 
.0014 
.0043 

.0010 

.0070 
.0703 
.0782 
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TESTS   OF  IBON  AND   STEEL   AND   OTHER  MATERIALS. 


} 


Applied  loads. 


Total. 


PovndM. 
290,000 
300,000 

6,000 
810,000 
820.000 
830,000 
340,000 
300,000 

5,000 
800,000 
370,000 
380,000 
300,000 
400,000 

5,000 
410.000 
420,000 
426,000 
480,000 
485,000 
440,000 
446,000 
460.000 
46^000 
400,000 
406,000 
406^700 

470,000 

476.000 

470,000 

400,000 

6,000 


Per  Mnare 
inon. 


Poundt, 


In  gmnged  length. 


Comp 
■ion. 


Ineh* 
.0700 
.0700 


Set 


Deflections  at  middle. 


Bem»rks. 


HoTisontaLi  YerticaL 


Ineh. 

>  «  •  •  •  •  *■«  • 

".0015* 


.0820 
.0852 
.0882 
.0018 
.0050 


.0984 
.1020 
.1052 
.1092 
.1129 


.1177 
.1223 
.1249 
.1272 
.1298 


80.906 


0028 


0064 


Ineh. 
-.0.1 
-.08 
0. 

-.03 
—.03 
-.03 
-.03 
-.08 
0. 

-.01 
-.01 
-.01 
-.01 
0. 

+.02 
.02 
.02 
.02 
.02 
.02 
.03 
.04 
.04 
.05 
.06 
.07 
.07 

.08 

.00 
0. 

-.05 
-.02 


{ 


Inch. 
-.U2 
-.02 
0. 

-  .02 

-.02 

-.02 

-.02 

-.02 

+.04 

+.01 

.01 

.02 

.03 

.05 

.11 

.11 

.12 

.13 

.15 

.17 

.20 

.22 

.24 

.27 

.33 

.41 

.47 

.53 

.65 

.82 

1.10 

1.22 

.04 


Ultimate  itxength. 


Failed  by  deflecting  upward  in  the  plane  of  the  3^"  pins. 

When  released  from  stress  the  post  spmng  diagonally,  showing  per- 
manent deflections  of  aboat  — '^20  horizontal,  and  +'^20  vertical. 

Pin  holes  in  webs  of  the  channels  elongated  ".02;  those  in  the  eye* 
plates  did  not  elongate,  but  slipped  along  the  webs  of  the  channeLbars. 

No.  361.— Set  D. 


h 


/\ 


:3i-^ 


i  JL. 


T^^np^ 


e  t? 


^ 


^ — ^ 


m 


(Tested  with  3^"  pins.) 

Length,  center  to  center  of  pins,  13'  ^", 

Ganged  length  (along  center  line  of  channel  A),  120'^ 

Totd  weight,  890  pounds. 

Ooanter-weight  at  middle,  445  ponnds. 


TESTS   OF  IRON   AND   STEEL   AND   OTHER   UATERIALS. 
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Sectional  area. 

Square  inohes. 

Channel  A,  14' 4";  weight,  240  pounds;  web 5.02 

Channel  B,  14' 4'';  weight,  221  poands;  web 4.63 

Web  plate  C,  13'  1" ;  weight,  103  pounds ;  thiokness,  ".31 2. 36 

Foot  angles,  each  14'  4";  weight,  43  pounds ., 3.39 

Total 16.40 


1 

Applied  loads.              In  gauged  length. 

1 

Deflection*  at  middle. 

Bemarlu. 

TotaL 

Peraqnare 
inen. 

Compres- 
aion. 

Set. 

HorizontaL 

Yertioal. 

FouHdt. 

5,000 

Pound*. 

Jfidk. 
0. 

.0006 
.0029 
.0058 
.0077 
.0101 

Jneh. 

0. 

Ineh, 

a 

0. 

a 

0. 
-^01 
-^01 

0. 

-.01 
->01 
->01 
-^01 
•^03 

0. 

—.03 
-^08 
—.03 
—.03 
—.03 

0. 
—.08 
—.08 
•^08 
-^08 
-.08 

Ol 

-.08 
—.08 
—.08 
—.08 
-^08 

0. 

-^08 
—.04 
—.04 
—.04 
—.04 

a 

—.04 
->04 
-.06 
—.06 
-^06 
0. 

-.06 
—.06 
—.06 
->06 
—.00 

a 

-^07 
—.07 
—.07 
->08 
-.09 
-^02 
-^11 
-^12 
—.18 
—.14 
—.05 
-^28 
-^29 
—1.00 
-^67 

Ja  vWfv* 

0. 
0. 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 

a 
a 

0. 

0. 
0. 

a 

0. 
0. 
0. 

a 

0. 

0. 

0. 

0. 

->01 
—.01 
—.01 
—.01 
—.01 
-^01 
-^01 
->01 
—.01 
—.01 
-.01 
—.01 
-^01 
-^01 
—.01 
->01 
-.02 
-.02 
•  —.02 
-^02 
-.02 
—.02 
-^02 
-.02 
-^01 
-^01 
-^01 
—.01 
—.01 
—.01 

0. 

0. 

0. 

0. 

0. 

+.02 
.08 
.05 
.08 
.08 

Initial  load. 
Snapping  aoonda. 

* 

XJitimatdateength. 

10,000 
20,000 

■■•*•■■••     •■ 

80.000 

40,000 

50,000 
5,000 
09.000 
70,000 
80,000 
90,000 

""6.' 

.0124 
.0149 
.0172 
.0197 
.0220 

■      100.000 

•■•«.••«.••• 

6,000 

110,000 
120,000 
180,000 
140,000 
150,000 

6^000 
j      180,000 
170.000 
180.000 
190.000 
200,000 

6,000 
210,000 
280,000 
280.000 

—.0003 

.0244 
.0270 
.0297 
.0824- 
.0880 

—.0008 

.0879 
.0400 
.0482 
.0460 
.0480 

->0003 

.0513 
.0589 
.0505 

.0502 
.0619 

240.000 

« 

280.000 



1         6,000 

0. 

200,000 
270,000 
280,000 
290,000 
800,000 

6,000 
810,000 
820,000 
88t*,000 
840,000 
850,000 

6^000 
800.000 
870,000 
880,000 

4piNi|  IRMf 

400,000 

5^000 
410.000 
420.000 
480,000 
440,000 
450,000 

5,000 
400,000 
405,000 
470,000 
475,000 

6^000 
480.000 
485,000 
422,000 

6,000 

.0646 
.0878 
.0700 
.0727 
.0754 

."0006" 

.0788 
.0610 
.0888 
.0889 
.0888 

.0016 

.0080 
.0969 
.0996 
.1024 
.1060 

.0040 

.1104 
.1131 
.1168 
.1200 
.1250 

.0083 

.1808 
.1888 
.1858 
.1880 

.0149 

81,494 

Vailed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the  Sy^ 
pins. 
Pin-holes  in  channel-bar  webs  elongated  '^01^  each. 
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No.  379.— Bet  E. 


t, 


^ 


\ 


( 


r\  r\   r\. 


'\j  ^i^'f 


¥ 


f 


# 


^ 


\J   \J    KJ 


^i 


.5? 


\  c 
^ 


(Tested  with  flat  ends.) 

Total  length,  13'  11''.80. 

Oaaged  length  (along  center  line  channel  A).  \W. 

Total  weight  (indades  eye-plates),  955  ponnas. 


ChADoel  A,  14'  k":,  weight,  237  ponnda;  web,  ".34 
Channel  B,  14'  4'';  weight,  235  pounds;  web,  ''.34 

PlAte;C,  14';  weight,  1&  pounds 

Flate;D,14';  weight,  181  pounds 


Total 


flquAre  Inehot. 

4.96 

4.91 

3.26 

3.88 


17.01 


Aiiplfod  IomU. 

Xo  gftvged  length. 

DefleotiODs  at  middle. 

Semerks. 

,^      P«^«» 

Coopn** 
•Ion. 

Set. 

HoTisonteL 

YerUoaL 

10,000 
20,000 
40,000 
60,000 

Poufult. 

0. 
.0012 

.0092 

Inch, 
0. 

0. 

0. 

Oi 

0. 

—.01 
-^01 

0. 
—.01 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
fl. 

TnltilAlloAd. 

* 

60,000 

.0182 

100,000 

............ 

.0172 

1        10,000 

—.0001 

120,000 

............ 

.0214 
.0254 
.0886 
.0880 
.0370 

140.000 
160,000 
1811,000 
200,000 

ti^ooo 

290,000 
240,000 
200,000 
280,000 
800^000 
10^000 

8m  000 

880,000 
400.000 
10,000 
420,000 
440^000 
400.000 
480.000 
500,000 

-.01 
—.01 

*■••«■  •«•• •« 

—.01 
—.01 
0. 

—.01 
—.01 
—.01 
—.01 
—.02 

-^0002 

.0422 
.0464 
.0508 
.0550 
.0083 

— wOOOl 

0.        !       0. 
—.02    !        0. 
-.02    I        0. 
— .02    !        0. 

.6683* 

.0678 

.0722 

.0768 

.0812 

—.02 
-.02 
0. 
-^02 
—.03 
—.08 
-^03 
—.08 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

""*  .0008" 

.0660 
.0906 
.0059 
.1012 
.1060 
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TESTS   OF   IROK   Ain>   STEEL   AND   OTHEB    MATEBIALS. 


Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

Remarks. 

Total. 

Peraauare 
incu. 

Compres- 
sion. 

Set. 

HorisontaL 

Yertioal. 

1 
Poundg. 
10,000 
510, 000 
520,000 
530,000 
540,000 
560,000 
500,000 
570,000 
580,000 
500,000 
504,500 

Poundt. 

Inch. 

Inch, 
.0047 

Inch.           IneA. 
0.        1       0- 

Ultimate  strength. 

.1008 

—.03 

0. 

.1133 

—.03           0. 
—.08            0- 

.1198 
.1338 
.1278 
.1834 

—.04 
—.04 

0. 
n 

■«■••••••■•• 



— .  05            0. 

•••••••••■•• 

—.05 

0. 
0. 
0. 

.1410 
.1500 

—.05 
—.00 

84,950 

Failed  by  backling  between  the  riveting  plate  0  at  a  distance  of  4 
feet  from  the  soath  end,  and  plate  D  2  feet  from  the  sonth  end  of  the 
oolnmn. 

No.  380.— Sbt  E. 


% 


%•». 


0 


^^    /^"N     /^ 


<J   KJ 


r 


# 


T 


-  *'   ^    - 


v^  "^  <^ 


M 


'^ 


(Tested  with  flat  ends.) 

Total  length,  13'  ll'^80. 

Ganged  length  (along  center  line  channel  A),  1W\ 

Total  weight  (Indndes  eye-plates),  990  i)onnds. 

Sectional  arm. 


ChanDel  A,  14'  4";  weight,  245  poandg;  web,  ''.37, 
Channel  B,  14'  2";  weight,  241  pounds;  web,  ".37. 

Plate  C,  14';  weight,  177  poanoB 

Plate  D,  14' ;  weight^  176  ponnds 


Sqiuae  inbhea* 

6.13 

5,10 

3.80 

3.77 


Total 17.80 


tBSTB  OF  IBON  AND  STEEL  AND   OTHER  UATEKIALS. 


IS 


Applied  liMdt. 


T*uL  '^"to-aj 


10,000 

20,000 

40,000 

00.000 

W,000 

100,000 

10,000 

190,000 

140,000 

100.000 

180,000 

200,000 

10,000 

220,000 

210,000 

200,000 

280,000 

300,000 

10,000 

820,000 

840,000 

800,000 

880,000 

400,000 

10,000 

420,000 

440,000 

400.000 

480,000 

500,000 

10,000 

510,000 

590.000 

530,000 

640,000 

660,000 

500.  OOO 

570,000 

580.000 

600,000 

000,000 

10,000 

010,000 

620,000 

680,000 

638,600 


PoundM, 


In  g»ag«d  length,      i  Deflections  »t  middle. 


Compree* 
■ion. 


85^696 


JncA. 

0. 

.0012 
.0052 
.0060 
.0130 
.0170 


.0210 
.0250 
.0202 


.0372 


.0412 
.0458 
.0496 
.0586 
.0578 


.0620 
.0662 
.0705 
.0747 
.0790 


.0683 


.0029 
.0960 
.1033 


.1067 
.1100 
.1128 
.1160 
.1192 
.1228 
.1267 
.1810 
.1870 
.1430 


I 


Inch, 
0. 


Horiiontai 


—.0008 


0000 


0001    I 


0010 


.0040    I 


.0281 


Ineh, 

0. 

0. 

0. 

0. 

0. 
-^01 

0. 

—.01 

-^01 

•—01 

—.01 

—  01 
0. 

—.08 

—  02 

—  02 

—  02 

—  02 
0. 

—.08 

—  08 

—  08 

—  08 

—  04 
0. 

-.04 

—  04 

—  04 

—  04 

—  05 

—  01 

—  05 

—  06 

—  06 

—  06 

—  06 

—  07 

—  07 
— .07 

—  08. 

—  00 

—  04 

—  10 

—  12 

—  15 


YertlctL 


0. 

0. 

Ol 

0. 

0. 

0. 

0. 

+.0 
+.0 
+.0 
+.0 
+.0 

0. 

+.0 
+.0 
+.0 
+.6 

+.o; 
a 

+.0 
+.0 
+.0 
+.0 
+.0 

0. 
+.0 
+.0 
+.0 
+.0 
+.0 

0. 
-f.O 
+.0 
+.0 
+.0 
+.0 
-f.O 
+.0 
+.0 

—  0 

—  0 

—  0 
-.02 
—.05 

—  07 


Semarkt. 


Initial  kMd. 


Ultimate  atnngth. 


Failed  by  triple  flexare,  with  plate  G  on  the  oonvex  side  at  the  middle. 


No.  368 Set  E. 


8| 


M 


I  ^  ^\i^  It 


f 


r7\   r\  tr\ 


L 


^ 


1. 


"M^. 


t 
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8.  Ex.  35- 


(TestM  with  8}"  pins.) 
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TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


Length,  center  to  center  of  pins,  2(K — (V'. 

Oanged  length  (along  center  line  of  channel  A),  200". 

Total  weight,  1,395  pounds. 

<3oanter- weight  at  middle,  697  pounds. 

Sectional  area, 

Sqmuw  inoheft. 

*Channel  A,  21' ;  weight,  347  pounds ;  web,  ".34 4.96 

Channel  B,  21' ;  weight,  347  ponnds;  web, ''.33 4.96 

Side  plate  C,  20' 8"  ;  weight,  266  pounds 3.86 

Side  plate  D,  20' 8" ;  weight,  275  pounds 3.99 

17.77 


« 

Applied  loads.              In  gftaged  length. 

'                                     1 

Deflections  at  middle. 

Bemarks. 

Total. 

Per  square 
inon. 

Compres> 
sion. 

Set. 

Vertical. 

Ponnda. 
10,000 
20,000 
40,000 

eN),ooo 

80,000 
100,000 

10,000 
120,000 
140,000 
100,000 
180,000 
200,000 

10,000 
220,000 
240,000 
200,000 
280,000 
800,000 

10,000 
820,000 
840,000 
360,000 
880,000 
400,000 

10,000 
410.000 
420,000 
480,000 
440.000 
460,000 

10,000 
460,000 
470.000 
480,000 
490.000 
500,  OOC 

Potttidt. 

Inch. 

0. 

.0080 
.0106 
.0186 
.0261 
.0844 

Inek. 
0. 

Inoh. 
0. 
0. 

a 

-.01 
-.01 
—.01 

0. 

-.02 
—.02 
—.02 
—.02 
—.02 

0. 

-.01 
-^02 
—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.08 
—.03 
-.03 
—.01 
—.08 
—.03 
—.03 
—.03 
-.03 
—.01 
—.03 
—.03 

—  03 
—.08 
-.08 

—  or 

—  03 

—  03 
—.08 

—  08 
-f.Ol 

.03 
.04 
.06 
.08 
.12 
.14 
.19 
.82 

Ineh. 
0. 
0. 
0. 

—  01 

—  01 

—  01 

—  01 
-.01 

—  01 

—  01 

—  01 

—  02 

—  01 

—  02 

—  02 

—  02 

—  02 

—  02 

—  02 

—  03 

—  04 
—04 

—  04 

—  04 
—.04 

—  04 

—  04 

—  04 

—  05 

—  05 

—  06 

—  07 

—  08 

—  08 

—  00 

—  09 
—.09 

—  10 
-.10 

—  12 

—  12 

—  12 

—  12 

—  13 

—  13 

—  13 

—  15 

—  16 

—  10 

—  21 

Initial  load. 

.0004 

.0425 
.0507 

.0586 
.0667 
.0747 

1 

* 

1 

.0008 

Micrometer  re- 
moved. 

Ultimate  strenKth. 

.0829 
.0911 
.0003 
.1076 
.1161 

...... ...p.. 

.0011 

.1246 
.1830 
.1420 
.1508 
.1501 

.0034 

'  .*i688 
.1684 
.1729 

.1775 
.1820 

.0056 

.1872 
.1920 
.1970 
.2020 
.2071 

10.000 

.0099 



510, 000 

520,000 
525,000 
680,000 
685,000 

<      540.000 

'      545,000 

'      550,000 
555,000 
660,000 
60^000 
568.000 
570,000 

82.077 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the 
pins ;  concave  on  the  side  of  plate  C3. 

Pm  holes  in  channel-bar  webs  elongated  .^'06  each. 

Pin  holes  in  eye-plates  elongated  .^'03  each. 

The  test  was  discontinued  when  the  horizontal  deflection  had  reached 
'^55;  which  at  the  time  was  slowly  increasing. 
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No.  359.— Set  E. 


•1^ 


J 

■i? 


I  ?  ^    T^  I. 


T T 


^^ 


^ 


i#^ 


#^ 


.^ 

K 


O    K^     C^ 


5^ 


4. 


(Tested  with  Si''  pins.; 

Length,  center  to  center  of  pins,  20' — (y. 

Gauged  length  (along  center  line  of  channel  A),  200'^ 

Total  weight,  1,362  pounds. 

Counter  weight  at  middle,  68 L  pounds. 

SeoHonal  area. 


dumnel  Ay  21';  weight,  322  ponnds;  web,  ".31. 
CbADnel  B,  21';  weight,  345  pounds;  web,  ".33. 

Side  plato  C,  20'  t^' ;  weight,  273  pounds 

Side  plate  D,  20'  8" ;  weight,  257  pounds 


Sqawe  inohes. 

4.60 

4.93 

3.96 

3.73 


17.22 


Applied  loads. 

In  gaoKod  length. 

DefleoUona  at  middle. 

Bemarka. 

1 

Total 

PeraquaTe 
inch. 

Gompree. 
■ion. 

Set. 

Horisontal. 

YertioaL 

16.000 

20.000 

40,000 

80,000 

80,000 

1AO,000 

10.000 

120,000 

140,000 

160,000 

180,000 

200,000 

Pounds. 

Inch. 

0. 

.0030 
.0117 
.0102 
.0372 
.0354 

Inch. 

0. 

Inch. 

0. 

0. 
—.01 
—.02 
-^08 
—.03 

0. 
-^04 
—.05 
-.05 
-.06 
—.07 

0. 
—.08 
—.08 
—.09 
—.10 
—.11 

Inch. 

0. 

U. 

0. 

0. 

0. 

0. 

0. 

t. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 
— .02' 
-^02 
—  03 

Initial  load. 

....... 

—.0001 

.0442 

■•■••*•«•••• 

.0521 
.0007 
.0091 
.0778 

10,000 

0. 

220.000 

.0853 
.0040 
.1028 
.1116 
.1204 

240.000 
200,000 
280.000 

aoo.000 

1        10.000 
320.000 
340.000 
300,000 
380.000 
400.000 
10,000 
410.000 
430,000 
430,000 

j 

.ooos 

—.01    !      —.02 

-^11   :     —,03 

—.12    !      —.08 
-^18    ;      —,04 
— .  14     ■      —.04 

1 

1          .i202 
.1881 
.  1474 
.  1570 
.1660 

1 

.ooii" 

-^14 
—.02 
-.14 
,         -.16 
—.16 

—.04 
— v08 
—.05 
—.00 
-.07 

; 

1......  ...... 

.1714 
.1761 
.1809 

1 
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TESTS   OF  IBON  AND   STEBL  AND   OTHEE  MATERIALS. 


Applied  loftda 

In  ganged  length. 

Deflections  st  middle. 

TotaL 

Per  tqaare 
inoA. 

Compres- 
sion. 

Set. 

HoricontsL 

Yertioal. 

Poundt. 
440,000 
450.000 

10,000  , 
460,000 
470,000 
480,000 
490,000 
500,000 

10.000 
510,000 
520,000 
528,000 
580,000 
535,000 
540,000 
545,000 
650,000 
555,000 
555,400 
536,000 

Powndi. 

Inch.    . 
.1857 
.1007 

Inch, 

InOL 
—.17 
—.18 
—.08 
-.18 
—.18 
—.10 
—.20 
—.21 
— w06 
-^28 
—.25 

Inch. 
-.07 
—.08 
—.05 
—.00 
—.00 
—.00 
—.10 
—.10 
—.06 
—.11 
—.12 

.0051 

.1060 
.2011 
.2061 
.2118 
.2180 

Micrometer   re- 
moved. 

Snapping  sounds. 

.0004 

—.31 
.-.88 
-.37 
—.42 
—.51 
—.65 
—.74 
—1.00 

—.13 
-.18 
-^16 
-^18 
-^80 

—.21                                          1 

82,258 

-.22 
—.24 

Ultimate  strength. 

Failed  by  horizontal  deflection,  perpendicalar  to  the  plane  of  the 
pins ;  convex  on  the  side  of  plate  0. 
Pin  holes  in  channel  bar  webs  elongrated  .07^'. 
Pin  holes  in  eye-plates  elongated  .03'^ 
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No.  346.— Set  F. 


r 

x!3e 

k 


^ 


T^'M 


A 


T 


: 1_ 


•^  J£'0SJCl33 


(Tested  with  flat  ends.) 

Total  length,  13'  11''.9. 

Cktnged  length  (along  center  line,  Plate  A),  lOCV^ 
Total  weight  (includes  eye-plates),  1,015  pounds. 
Coonter- weight  at  middle,  Wl  poands. 


Upper  plate  A,  14';  weight,  164  poands  .. 
UDoer  plate  B,  14' ;  weight,  176  pounds  . . 

Side  plate  C,  14';  weight,  106poundH 

Side  plate  D,  14';  weight,  101  pounds 

Four  angles,  each~14';  weight,  42  pounds 


Sqium  inehes. 

3.94 
3.77 
2.27 
2.16 
3.60 


16.74 


ApyUedbMds. 


TotaL 


5,000 

10.000 

20.000 

30,000 

40,000 

50,000 

5,000 

60.000 

70,000 

80,000 

90,000 

100.000 

5^000 

110.000 

120,000 

1M.O0O 

140,000 

150.000 

5,000 

100,000 

170,000 

1»,000 

190,000 

200,000 

5,000 

210,000 

220.000 

290^000 

940,000 

250,000 

5^000 

290.000 


PerMnare 
Inoh. 


-I- 


Ponfidf. 


In  gauged  iMigth.      I  DeflectioDB  At  aiddto. 


Conpre*- 
■ion. 


0. 

.0014 
.0038 
.0050 
.0082 
.0102 


.0123 
.0146 
.0168 
.0180 
.0211 


.0232 
.0255 
.0270 
.0300 
.0821 


.0344 
.0866 
.0888 
.0410 
.0484 


.04.t7 
.0478 
.0501 
.0525 
.0648 


.0571 


Set. 


Horixontal.'  Vertical. 


/ncA. 

a 


~%0001 


—.0002 


—.0008 


-^0002 


+.0002 


7n«ft. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 
—.01 

0. 

—.01 
—.01 
—.01 
—.01 
—.01 

0. 
—.01 
—.01 
— »01 
-^01 
—.01 

0. 
—.01 
-^02 
—.02 
—  02 
—.02 

0. 
—.02 


0. 
0. 

a 
0. 
0. 
0. 
0. 
0. 
a 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Beoftrkt. 


InltiAl  load. 
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TESTS   OF  IBON  AND   STEEL  AND   OTHEB  MATERIALS 


Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

• 

i 

Total 

Peraqnare 
incn. 

Comprea- 
aion. 

Set 

1 
Horizontal. 

Vertical. 

Pounds. 
270.  OUO 

2m,  000 

290,000 
300,000 

5.000 
310.000 
820.000 
330,000 
840.000 
850,000 

6.000 
380,000 
370.000 
880,000 
890,000 
400,000 

6,000 
410.  UUO 
420,000 
430,000 
440,000 
450,000 

5,000 
460,000 
470.000 
480,000 
490,000 
600,000 

5,000 
610.000 
617,000 

Pounds. 

Inch. 
.0504 
.0618 
.0648 

Inch. 

IndL 

—.an 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1 
1 

-.02 
—.02 
—  02 

1 



Snapping  aonnda.      ! 

.0668 



.  0010                0. 

.0691 
.0717 
.0740 
.0766 
.0701 

—.02 
—.02 
—.02 
—.03 
— w03 

0. 
—.03 
—.03 
—.03 

1 

............ 

.0021 

.0818 
.0843 
.0870 
.0890 
.0924 

—.03 
— -03 

.0040 

0.         '        0. 

.0953 
.0981 
.1013 
.1041 
.1071 

—.03 
—.03 
-^08 
—.08 
-^08 
0. 

-.08 
—.03 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1 

.0078 

.1108 
.1130 
.1180 
.1220 
.1282 

Ultimate  atrength. 

—.03 

-.0:1 
—.08 
0. 
—.03 

.0158 

,1813 

82,848 

1 

Failed  by  backling-plates  at  a  distance  of  3(K'  to  36''  from  one 
end,  close  by  the  eye-plates. 

The  upper  and  lower  plates  beat  oatward,  the  side  plates  inward. 

The  snstainiDg  power  fell  off  rapidly  after  backling  of  the  plates  took 
place. 

No.  347.— Set  F. 

J&OB  X.32 


.^i:^ 


-O- 


B 


X.SI 

J 


) 


T 


( 


) 


/:1s 


r 


i 


X 


7:^8 

XJ31 


k 


t-  iS,08X.31 


■xzr 


(Tested  with  flat  ends.) 

Total  length,  13'  11  ".65. 

Gauged  length  (along  center  line,  Plate  A),  100". 
Total  weight  (includes  eye-plates),  1,015  pounds. 
Counter- weight  at  middle,  507  pounds. 
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Sectional  area. 

Square  inohot. 

Upper  plate  A,  14';  weight,  178  pounds 3.81 

Upper  plate  B,  14'j  weight,  190  ponnds 4.07 

Side  plate  C,  14';  weight,  102  pounds 2.18 

Side  plate  D,  14';  weight,  102  pounds 2.18 

Four  angles,  each  14';  weight,  42  pounds 3.60 


Total . . 

-.        If 

k84 

Applied  loads. 

In  gauged  length. 

Deflections  at  middle. 

1 

Eemarks. 
Initial  load. 

Snapping  sounds. 

Snapping     sounds 
repeated. 

Ultimate  strength. 

1 

TotaL 

PeTMoare 
inon. 

■ion.              ***• 

I 

Horiaontal. 

VerUcaL 

Poundg. 
5,000 

Poundt. 

Jneh, 

0. 

Inch. 
0. 

Ineh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0- 
0. 

0. 

S: 

0. 
0. 
—.01 

— vOl 

—.01 

0. 
—.01 
—.02 
—.02 
—.02 
-.02 

0. 
-^02 
—.02 
—.02 
—.02 
—.02 

0. 
-.02 
—.02 
—.02 
—.02 
—.02 

0. 
-^02 
—.02 
—.02 
—.02 
—.02 

Ji« 

—.02 
—.03 
—.03 
—.03 

0. 
—.03 
—.03 
—.03 
—.03 
-^03 

0. 

—.03 
-^03 
-^03 
-^03 
—.03 
—.01 
-.03 

Jneh. 
0. 
0. 

0. 
0. 

a 
a 
0. 
0. 
0. 

It 

.01 
.01 
.01 
.01 

0. 
.01 
.01 
.02 
.02 
.02 

0. 
.02 

.02 
.02 
.03 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 
.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 

0. 

.02 
.02 
.02 
.02 
.02 
.01 

0. 

10.000 

.0004 

1       20.000 

.0024 
.0044 
.0064 
.0084 

30,000 

40,000 
50,000 
5.000 
60.000 
70.U00 

•  •  «  ■        •       mm 

"*-l.'6o6i'* 

.010& 
.0123 
.0145 
.0107 
.0189 

80,000 
90,000 

100.000 
5,000 

— .oooi 

110,000 
120,000 
180.000 
140.000 
150,000 
5,000 
160,000 
170,000 
180.000 

.0210 
.0231 
.0253 
.0277 
.0299 

.........a.. 

............ 

->.OO01 

.0321 
.0343 
.0366 

190,000 

200.000 

5,000 

210.000 

.0388 

.0409 

--.0001 

' 

.0433 
.  0455 

1      230,000 
230,000 
240,000 
250.000 

••••           >      ■••• 

.0476 
.0500 
.0522 

.... 

5.000 
260,000 
270,000 

-^0002 



.'0546 

.0569 
.0592 
.0614 
.0638 

.oiii* 

280,000 
1      290,000 
1      300.000 

1          5^000 
810.000 

+.0002 

820,000 

.0684 

330.000 

............ 

.0709 
.0732 
.0757 

340.000 

|.... ........ 

350,000 
5^000 
860.000 
970.000 
380.000 
380.  OOC 
400,000 
6,000 

' 

'"** "" 

0010 

.0780      

.0805 
.0830 

.0855 
.0882 

.0029 

410.000 

1         .0913 

420.000 

.0937 

.0962 

1         .0990 

.1022 

430.000 
440,000 
450,000 

5.000 
460,000 
470,000 
480,000 
480,000 
500,000 

SwOOO 
610,000 
520.000 
530.000 

.0060 

j   "'  .ioso" 

I          .1080 
.1117 

;          .1148 
.1183 

.6094" 

.1220 
.1364 
.1300 

la...                        .... 

.......... 

'     540LOOO 

.1362 

550.000 

5.000 

556^200 

1 

.1405 

.0194 

85,050 

.1498 

40 


TBST8   OF  IBON  AND   STEEL   AND   OTHEE  MATERIALS. 


Failed  by  buckling  the  upper  plate  2(K'  from  the  middle  of  the  length 
of  the  po8t  and  buckling  the  under  plate  3(y'  from  the  end  of  the  post. 
The  strength  of  the  post  fell  off  rapidly  after  buckling  began. 


No.  342.— Set  F. 


es  Jba, 


^ 


esibu. 


Ji 


*-  roo 


T 


•I 


) 


/•> 


P 


a9lb9. 


If 

X:32    ^ 


631ba. 


^C7 ;; z ^zr 

•^  lS,03X^i  -♦ 


(Tested  with  flat  ends.) 

Total  length,  20'  7|" 

Gauged  length  (along  center  line,  Plate  A),  \W. 
Total  weight  (includes  eye-plates),  1,378  fK^unds. 
Counter-weight  at  middle,  689  pounds. 


Upper  plate  A,  20'  8'' ;  weight,  262  ponnds 
Under  plate  B,  20'  8'' ;  weight,  257  poundH 
Side  plate  C,  20'  8'' ;  weight,  154  pounds. . 
Side  plate  D,  20'  8'' ;  weight,  152  pounds. . 
Four  angles,  20'  8'' ;  weight,  256  pounds  . . 


Sqnnro  inches. 

3.80 

3,73 

2.23 

2.21 

3.71 


Total 


15.68 


Applied  loads. 


Total. 


Pottfidfl. 

6,000 

10.000 

20,000 

30,000 

40,000 

50,000 

5.000 

60,000 

70,000 

80,000 

90,000 

100,000 

5, 000 

110,000 

120,000 

180.000 

140,000 

ltM>,000 

6^000 

100.000 

170,000 

180.000 


Per  aqnare 
incui. 


Tmwnd*. 


In  gaaged  length. 


Comprea- 
aiou. 


0. 
.0020 
.0060 
.0106 
.0146 
.0186 


.0222 
.0262 
.0800 
.1330 
.0381 


.0422 
.0462 
.a'M)3 
.0548 
.0583 


.0624 
.0664 
.0706 


Set. 


.0004 


.0004 


.0004 


Deflections  at  middle. 
Horizontal.  Vertical. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Bemarka. 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


IniUal  load. 
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AppUed  loftds. 

In  KMig^  length. 

Defleotions  fttmiddla. 

ToUL 

1 

PerwniAre 
iaon. 

Compre*- 
•ioii. 

Inch. 
.0746 

Sat. 

QorUontAl. 

Inch, 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 
0. 

t 

0. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.         ' 

0. 

0. 

0.         1 

0. 

0. 

0. 

0.         , 
-.01    , 
—.02    1 
+.04    ! 
—.06 
—.08 
—.10 
-.08    t 
1 

Yertloal. 

1    Pounds. 
1      180.000 

Pottiidf. 

IndL 
0. 
0. 
0. 
0. 
0. 

'      200,000 

.0788 

ft.  000 

.0009 

210,000 

.0830 
.0870 

220.000 

r 

280,000 

240.000 

250.000 

5,000 

.0011 
.0064 
.0087 

0. 

0.         1 

.0018 

0. 
0. 
0. 

a 

0. 
0. 
0. 
0. 

S: 

a 

0. 
0. 
0. 
0. 

S: 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.02 
—.02 
—.02 
-^02 
—  02 
—.01 
-.08 
-w06 

%46 
.80 

1.00 

1.01 

280.000 

.1068 
.1078 
.1128 
.1167 

270,000 

2M,000 

290,000 
800,000 
5.000 
810,000 
820,000 

.1209 

.0020 

.1255 
.1800 

830,000 

.1346 
.1891 

840.000 

850,000 

5.000 

.1489 

.0047" 

860,000 

•••■••  •••••• 

.1490 

870.000 

.1585 
.1S»I 
.1680 

.1685 

880,000 

800,000 

400,000 

.0088 

5,000 

>      410, 000 

.1788 
.1792 
.1K42 

420,000 

480,000 

---____- 

440,000 

.1006 
.19M 

>      450.000 

5,000 

.0161 

460,000 

.2080 
.2100 
.2177 
.2257 
.2340 

470,000 

4m.  000 

400,000 

500,000 

5^000 

.0828 

510.000 

.2454 

.2689 

517,500 
420,000 

88,008 

860,000 

•■•••■••■••-1 

832.000 

5^000 

BeBurkB. 


Snapping  sonnds. 


Ultimata  strength. 


Test  diaoontinoad. 


Failed  by  deflectiug  upward,  Plate  A  being  on  the  convex  side.  The 
point  of  maximain  upward  deflection  occurred  2^'  from  the  middle  of 
the  post. 

Loads  were  continued  till  the  upper  and  lower  plates  were  bnckled 
at  the  concave  places.    The  angles  and  side  plates  were  also  distorted. 

The  sustaining  power  of  the  iK)st  fell  off  ra]>idly  when  the  maximum 
load  wa8  passed,  unaccompanied,  however,  with  the  sudden  lateral 
springing  observed  in  longer  posts,  or  long  posts  with  pin  ends. 
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B 


jC:^. 


No.  344.— Set  F. 
A. 


ji:^ 


^ 


Z28_ 

x!bs 


J 


) 


T 
« 


( 


) 


1 


( 


r 


x:bs 


L 


TC7" 


JS^O  X  \33 


TTT- 


(Tested  with  flat  ends.) 

Total  length,  20'  7''.80. 

Gauged  length  (along  center  line  plate  A),  180''. 
Total  weight  (includes  eye-plates),  1,370  pounds. 
Counter-weight  at  middle,  685  pounds. 

SecHonal  area, 

Sqnaitt  inches. 

Upper  plate  A,  20' 8";  weight,  258  pounds 3.74 

Under  plate  B,  20' 8";  weight,  257  pounds ■. 3.73 

Side  plate  C,  20' 8";  weight.  155  pounds 2.25 

Side  plate  D,  20' 8";  weight,  154  pounds 2.23 

Four  angles  20' 8" ;  weight,  249  pounds 3.61 


Total 


15.56 


Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

Bemarks. 
Initial  load. 

Total. 

Per  saasre 
incn. 

Compres- 
sion. 

Set. 

fioricontal. 

Yertioal 

Poundt. 

5,000 

10.000 

20,000 

30.000 

40,000 

50.000 

6.000 

00,000 

70,000 

80.000 

90.000 

100.  OOU 

5,000 

110, 000 

120.000 

180,000 

140,000 

150.000 

ft,  000 

160,000 

170.000 

180,000 

190.000 

200,000 

5,000 

210,000 

220,000 

Pounds. 

Ineh. 

0. 

.0019 
.0059 
.0099 
.0139 
.0179 

Ineh. 
0. 

Inch. 

0. 

0. 

0. 

—.01 
—.01 
-.01 

0. 
—.02 
—.02 
—.03 
-^03 
— s03 

0. 
—.04 
—.04 
—.04 
-.04 
-n04 

0. 
—.04 
—.06 
—.05 
—.05 
—.06 

0. 
—.06 
-.06 

Ineh, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

.0219 
.0259 
.0299 
.0339 
.0379 

■ 

1 

"■"i: 

.0420 
.0463 
.0503 
.0544 
.0585 

( 

• 

0. 

.0623 
.0665 
.0705 
.0746 
.0788 

0.* 

.0829 
.0871 
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1 

Applied  loads. 

In  gauged  length. 

Deflections  at  middle. 

Semarks. 

1 

Tot«L 

t 

Per  sqoare 
incD. 

Compres- 
■ion. 

J 

1 

1 

4 

Set. 

Horisontal. 

Vertical. 

Pound». 
1      280.000 

Potmd*. 

Inah. 
.0911 
.0956 
.0998 

Ineh. 
...... ..] 

Inch. 
—.06 
—.06 
—.06 
0. 

—.06 
—.06 
-.06 
-.06 
—.06 
0. 
—.07 
—.07 
-.07 
—.07 
—.08 
—.01 
—.08 
—.08 
-.08 
—.08 
—.09 
-.02 
—.10 
—.10 
—.10 
—.11 
—.11 
—.08 
—.12 
—.12 
-.12 
—.13 
—.13 
—.05 
—.15 
—.16 
—.17 
-.20 
—.22 
—.25 

Ineh, 

0. 

0. 
—.01 

0. 

-.01 
—.01 
—.01 
—.01 
—.01 

0. 

—.01 
—.01 
—.01 
—.01 
—.02 
—.01 
—.02 
^02 
—.03 
-^08 
-^08 
^02 
-^08 
—.08 
-^08 
—.08 
^08 
—.03 
-.03 
—.08 
—.03 
-^04 
—.04 
^03 
—.04 
—.04 
—.05 
—.07 
—.08 
-.08 

Slight  snapping 

sounds. 
Ultimate  strength. 

240, 000 

...... ......| 

250,000 

1 

5,000 

a 

260,000 

.1040 
.1084 
.1127 
.1109 
.1211 

270,000 

280,000 

290,000 

•  • 

............ 



800,000 

••••••  --•••• 

5,000 

;\ 

.0011 

310,000 
320, 000 

.1256 
.1299 
.1344 
.1890 
.1439 

330^000 

.__,....,.., 

■••*****••"* 

840,000 

850,000 



5,000 

.0080 

800,000 

.1483 
.1529 
.1576 
.1624 
.1678 

870,000 

... 

880,000 



890,000 

400,000 

5.000 

.......  .... 

.0059 

410,000 

.1721 
.1778 
.1829 
.1881 
.1936 

420.000 

430,000 

440,000 
450,000 

5,000 

_^_  *»  —  ^  —  - 

.0115 

460,000 

"••• 

.2002 
.2064 
.2129 
.2202 
.2298 

470,000 
480,000 

490,000 

500,000 
5,000 

"**'*0256* 

610,000 
520,000 

.2875 
.2480 
.2610 
.2710 
.2819 

580,000 

536,000 

580,900 
530,000 

84,605 

1 

Post  failed  by  backling  the  plates  at  a  place  6  feet  from  the  end. 
The  upper  and  lower  plates  took  sharp  buckles  outward  between  the 
riveting;  the  side  plates  buckled  inward. 
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uOl. 


No.  348.— Set  G. 


^ 


JT.^'tf 


J 


flO     V 

•5 


) 


o.»s 


( 


F 

X.4tS 


TZ7 


^C7^ 


(Tested  with  flat  ends.) 

Totallength,  13'llf' . 

Oaaged  length  (along  center  line  Plate  A),  100^'. 
Total  weight  (includes  eye-plates),  1,285  pounds. 
Counter -weight  at  middle,  642  pounds. 

SeoHonal  urea. 


Upper  plAte  A,  14' ;  weight,  258  poands  . . 
Under  plate  B,  14' ;  weight,  258  ponnds . . 

Side  plate  C,  14' ;  weight,  148  pounds 

Side  plate  D,  14' :  weight,  150  pounds 

Four  angles,  eaen  14' ;  weight,  42  pounds 


Sqosre  iaohes. 

5.52 
5.52 
3.17 
3.21 
3.C0 


Total 21.02 


Applied  loads. 

lb  g»oged  length. 

Defleotionfl  »t  middle. 

} 

i     TotaL 

! 

PerMnsre 
iaon. 

Conipree- 
■ion. 

Set. 

Hoiiaontal. 

YerticsL 

Bemsrlu. 

'    Pmmd$. 

10,000 
90,000 
40,000 
00,000 
80,000 

Peundi. 

0.                                -A 

Inch, 
0. 
0. 
0. 

a 

0. 
0. 
0. 

Inch. 

A. 

Tn1M*1  \i%MA 

.0018 
.0043 

■  ^r 

0. 

0. 

.0078 
.0103 

0. 
0. 
0. 

100.000 
10.000 

.0186 

.0008 

0.                                                         1 

120,000 
140,000 
160,000 
>      180,000 
900,000 
10.000 

"".'oiii*' 

.0902 
.0282 
.0868 
.0802 

0.                     A 

—.01 
•^01 
—.01 
—.01 

0. 
—.02 
—.02 
—.02 

0.                                               ' 

0. 

a 

0. 

0. 
.01 
.01 
01 

1 

Snapping  eoonds. 

• 

.0005 

;      390.000 



.0835 
.0868 
.0408 
.0489 
.0477 

940,000 
900,000 
280.000 
800^000 
10^000 

.... 

•  »••••  ••••■• 

^.  02    1           til 

••■•••■••"•• 

—.02 
0. 

—.02 
-.08 
^08 
^08 
^08 

.:- 

.01 
.02 
.02 
.02 
.02 
0. 

.02 
.02 



.0001 

320,000 
840,000 

.0611 
.0547 
.0562 



800^000 

880,000 

.0617 
.0652 

400,000 

••••••  •••••• 

101 000 
490^000 

.0007 

0. 

.0688 

—.08 
-^08 

4401000 

.0729 
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Applied  loads. 

In  ganged  length. 

Deflections  at  middle. 

Bemarka. 

Total. 

] 

Persanarei  Comprea- 

inoD.             aion. 

Set. 

1 
HonsontaL!  VertioaL 

1 

Poumff. 

400.000 

480,000 

800,000 

10,000 

Poundt, 

Inah, 
.0766 
.0804 

Indi, 

Ifuh,          Inch. 
—.04    1         .02 
— .  06    1        0. 

.0843 

—.07            0.         I                                        1 

.0021 

—.07 
-.07 
-^07 
—.08 
—.08 
—.08 
-.07 
—.10 
-.11 
—.12 
—.13 
-sl6 
^10 

0. 
0. 
0. 
0. 
0. 

520,000 

.0886 
.0827 
.0068 
.1017 
.1060 

540.000 
500.  OCO 
680,000 
800,000 
10,000 
620,000 



0.         i 
0.         i 

.0065 

.iiis 

0. 

0. 

0. 
.01 
.08 
.03 

Ultimate  atrength. 

640,000 

.1168 

680,000 

••««•••••••• 

.1281 
.1301 
.1450 

680,000 

700,000 



10.000 
706.000 

.0287 

88.682 

Failure  began  by  backliug  tbe  upper  plate  between  tbe  riveting  30 
inches  from  tbe  end  of  the  post,  close  by  the  eye  plates.  This  gave  an 
upward  direction  to  the  middle  of  the  post,  and  was  followed  by  buck- 
ling of  the  upper  plate  at  a  corresponding  place  at  the  opposite  end. 
The  under  plate  also  buckled  15  inches  from  the  middle  of  its  IcQgth. 

If  o.  349.— Set  G. 


^  Jl-SOr'sO  ;:H 


^ 


_  e.38 
B 

X.46 


A 


) 


'§ 


( 


) 


G.95 


( 


r 


ZOO 

X.-tf5 


k 


^17- 


ji.oax.^aa 
jB 


■C7 


(Tested  with  flat  ends.) 

Total  length,  13'  llf". 

Gauged  length  (along  center  line  plate  A),  IW, 
Total  weight  (includes  eye-plates),  1,315  pounds. 
Counter-weight  at  middle,  657  pounds. 


Sectional  area. 


Upper  plate  A,  14' ;  weight,  270  ponnds  .. 
Under  plate  B,  14';  weight,  270  pounds  .. 

Side  plate  C,  14';  weight,  147  pounds 

Side  plate  D,  14' ;  weight,  147  pounds 

Four  angles,  each  14';  weight,  42  pounds 


Square  inohea. 

5.78 

5.78 

3.16 

3.15 

3.60 


Total 


21.46 
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1 

Applied  loads. 

In  ganged  length. 

Bellectiona  at  middle. 

« 

Semarka. 

Total. 

Per  square 
inoA. 

Comprea- 
aion. 

Set 

Horisontal 

YerticaL 

Pounds, 
10.000 
20.000 
40,000 
80.000 
80.000 

100.000 
10,000 

120,000 

Potmdff. 

Jneh. 

0. 

.0014 
.0044 
.0076 
.0105 
.0137 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
—.01 
—.01 

0. 
—.01 
-.02 
-.02 
-.03 
—.03 

0. 

-.03 
—.08 
—.03 
—.03 
—.03 

0. 
—.08 
—.08 
—.03 
->04 
-^04 

0. 

-.05 
—.05 
—.06 
-.06 
-.06 

0. 

-.07 
-.07 
-.07 
—.00 
—.14 
—.08 
—.25 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.02 
.01 
.40 

Initial  load. 
Snapping  aonnda. 

• 

Ultimate  streogtb. 

0. 

.0168 
.0202 
.0282 
.0263 
.0808 

140,000 
180,000 
180,000 
200.000 
10.000 
280.000 
240,000 
200.000 
280.000 
300,000 

"*o. 

.'iSo** 

.0366 
.0401 
.0434 
.0460 

10,000 
820,000 
340,000 
300,000 

.0007 

.0603 
.0688 
.0571 
.0607 
.0648 

880,000 

400,000 

10.000 

420,000 

.0013 

.0678 
.07U 
.0748 
.0784 
.0622 

440,000 

'      460.000 

480.000 

.0032 


500.000 
10.000 
520.000 
540,000 
660,000 
5(M>.000 
600.000 
10.000 
620,000 
640.000 

.0663 
.0002 
.0048 
.0080 
.1048 

. 

'    .0080 

.1086 
.1142 
.1206 
.1286 



660,000 
680.000 



•  ■•... ..... 

...... ...... 

1      700.000 

.1410 
............ 

'        10.000 
700.500 

.0284 

•  ••... ...... 

33  Ml 

1                          iVW,     .WfW                                                       WW^-^—   . 



Failed  by  triple  flexure;  middle  deflection  taking  place  in  an  upward 
direction,  witb  plate  A  on  the  convex  side. 

When  the  middle  deflection  reached  ^^50  vertical,  the  upper  and  lower 
plates  began  to  buckle  between  the  riveting  at  the  concave  places. 
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TESTS   OF  IRON  AND   STEEL   AND   OTHER   MATERIALS. 


No.  341.— Set  G. 


D 


TF 


?'0€L 

X.''44 


J^ 


xir 


6784 


jC^ 


c 


c 


r 


x:44 


k 


J^."  X!'43 


-\y 


(Tested  with  flat  ends.) 

Total  length,  2(y  T'S. 

Ganged  length  (along  center  line  plate  A),  lSfy\ 
Total  weight  (includes  eye-plates),  1.790  ponnds. 
Connter-weight  at  middle,  895  pounds. 

Seetitmal  area. 

Sqaare  inobas. 

Upperplat^  A,  20'  8";  weight,  397poaiid8 5.76 

Under  plate  B,  20' 8'' ;  weight,  401  ponnds 5.82 

Side  plate  C,  20^  8'' ;  weight,  209  pounds 3.03 

Side  plate  D,  20^  8'' ;  weight,  206  pounds 2.99 

Four  angles,  each  20'  8";  weight,  62  pounds • 3.60 

Total 2L20 


Applied  loads. 


In  g»aged  length. 


Deflections  at  middle. 


Total. 


Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

10,000 

120,000 

U0,000 

160,000 

180,000 

200,000 

10,000 

220,000 

240,000 

260,000 

280,000 

800,000 

10,000 

820,000 

840.000 

860,000 

380,000 

400,000 

10,000 


Per  aonare 
inch. 


Compres- 
■ion. 


Pound*, 


Inch. 

0. 

.0022 
.0076 
.0182 
.0188 
.0248 


'    .0806 

.0366 

.0428 

.0488 

.0544 

...  •• 
.0005 

.0666 

.0726 

.0789 

.0848 

.0012 

.0074  t 

.1032  1 

.1007 

.1158  , 

•••••••••••a 

Set. 


0. 


0. 


Inch.      I 


0009 


.0022 


Horiaontal. 

Yertioal. 

JfMA. 

In^st, 

0. 

0. 

0. 

0. 

0. 

0. 

-.01 

0. 

—.01 

0. 

—.01 

0. 

0. 

0. 

-^01 

.02 

— wOl 

.02 

.-^01 

.02 

-^02 

.02 

-^02 

.02 

0. 

0. 

-^02 

.02 

—.02 

.02 

-.02 

.02 

-^02 

.02 

—.02 

.02 

0. 

0. 

^02 

.02 

—.02 

.02 

-.02 

.02 

-^02 

.02 

— w08 

.08 

0. 

0. 

Semarka. 


Initial  load. 
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•w  r» 


f  Applied  loads. 


incD.  sioD. 


In  gauged  lenieth. 
Set. 


Defle  ctioDft  at  middle. 


PouudM. 
130,000 
UO.OOO 
460,000 
400,000 
500.000 

10.000 
520.000 
540.000 
560.000 
580.000 
600.000 

10,000 
C20.000 
640.000 
660.000 
6tW.0O0 
700.000 

10,000 
700.000 
640.000 
620.000 
590.000 

10.000 


Pounda. 


Inch. 
.1222 
.1286 
.1351 
.1417 
.14«8 


.1556 
.1825 
.1702 
.1778 
.1858 


1 


.1053 
.2047 
.2154 
.2288 
.2452 


33.010 


Inch, 


.0053 


.0128 


.0410 


Remarks. 


Horizontal.  Yertical. 


Inch. 

Inch. 

—.03 

.03 

—.03 

.08 

—.03 

.03 

—.03 

.03 

—.08 

.03 

0. 

0. 

—.03 

.03 

—.03 

.03 

-.03 

.03 

-.03 

.03 

—.03 

.03 

-.02 

.02 

— w03 

.03 

—.03 

.03 

—.08 

.03 

—.03 

.03 

+  .02 

.07 

0. 

.04 

.08 

.10 

Ulfimate  strength. 

.12 

1.00 

.14 

1.50 

.17 

2.00 

.10 

1.68 

Deflected  upwardn,  plate  A  being  ou  the  convex  side.  The  maximnm 
deflection  occarred  15^'  troin  tbe  middle  of  the  column.  Deflection  con- 
tinued till  the  under  plate  B  buckled  between  the  rivets. 

The  plate  was  buckled  ^'',  with  no  apparent  injarj  to  the  angle  iron 
to  which  it  was  riveted. 


No.  343.— Set  Q. 


D 


^ 


A 


^ 


) 


.^ 


g7so 


n'asx.so 


.^:^ 


c 


r 


^6.96 


ik 


TIT- 


(Tested  with  flat  ends.) 

Totol  length,  20'  71". 

Ganged  length  (along  center  line,  plate  A),  180''. 
Total  weight  (includes  eye-plates),  1,840  pounds. 
Counter- weight  at  middle,  920  pounds. 

S.  Ex.  33 4 


60 


TESTS   OF   IRON   AND   STEEL   AND   OTHER  MATERIALS. 


Sectional  area, 

SqoAre  indM 

Upper  plute  A,  20' 8";  weight,  3»7  pounds 5.76 

Under  plate  B,  20' 8";  weight,  405  pounds 5.88 

Side  plftteC,  20' 8'';  weight,  224  pounds 3.:^5 

Side  plate  D,  20' 8";  weight,  207  pounds 3.00 

Four  angles,  each  20'  8";  weight,  62  pounds , 3. 60 

21. 49 


Applied  loads. 


In  gauged  length. 


Deflections  at  middle. 


Poundt. 

10,  (MN) 

20,000 

40, 000     ' 

60.000 

80,000 
100,000     I 

10,000 
120, 000 
140, 000     ' 
160,000     I 
180.000 
200. 000 

10,000     I 
220,  000 
24(».  Oj»0 
200, 000    I 
280.  OIK)    I 
300. 000 

10,000     , 
320, 000     i 
840.  000 
360.  000 
380, 000    I 
400, 000     ' 

10,000 
420. 000     I 
440. 000     ' 
4<i0,  000 
480,  000 
500.  000 

10,000 
520, 000 
540.000  I 
560.000 
580,  000 
600, 000 

10. 000  ' 
620,  000 
640,  IHK) 
(iOO.  000 
670.  (KKJ 
~  68(1.  OOO 
690,  OUO  , 
700, 000 

10. 000     , 
710.  000 
720,00)      . 

729,450     ] 

728,  U0«) 
100, 000     ' 


Pound*. 


33,943 


Inch. 

0. 
.  0022 
.0079 
.0133 
.0190 
.  0:49 


0306 
0364 
0422 
0483 
11540 

('600 
0660 
0720 
0780 
0844 


0907 
0970 
1032 
1094 
1158 

1217 
1280 
1346 
14)0 
1480 


.1547 
.  1017 
.1689 
.  1762 
.1840 


.1923 
.  2015 
.2110 
.2158 
.2214 
.2274 
.  2339 


TotaL   I^^LT""**'  ^""iSST"'     Set. 
inciL      sion. 


Horizontal. 


.  2422 
.  2498 


Inch. 
0. 


.0006 


.OOOn 


.0010 


.0020 


.0060 


.0123 


.0313 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


01 
01 
01 
01 
01 
02 
02 
(•2 
02 
02 
02 
02 
03 
03 
03 
03 
08 
18 
20 
20 


Vertical. 


Jnch. 

0. 

0. 

0. 

—.02 
—.02 
—.02 

0. 
—.02 
—.02 
—.02 
— .Oi 
—.02 

0. 
—.02 
—.02 
— .  02 
—.02 
—.02 

0. 
—  02 
—.02 
— .  u2 
—.02 


Remarks. 


\ 


—.02 
0. 
—.02 
—.02 
—.02 
—.02 
— .  02 
-.  u2 
—.02 
—.02 
—.02 
— .  u2 
— .  02 
—.02 
— .  02 
— .  02 
—.02 
—.02 
—.02 
—.'2 
— .  (»2 
—.03 
—.03 
—.03 
—.03 
—.04 
— .  10 
—.06 


Initial  load. 


Slight,  snapping 
sound. 


Snapping  sounds 
repealed., 


ritiiiiate  strength. 


After  the  maximum  load  had  been  passed,  and  the  po.st  was  g:radu- 
ally  deflecting  under  728,000  pounds  pressure,  the  hiad  was  released  to 
108,000  pounds,  and  the  post  allowed  to  rest  15  hours. 

At  the  expiration  of  this  time,  105,000  pounds  load  was  found  on  the 
post;  the  difference  of  3,000  pounds,  representing  the  falling  off  of  ]>re8- 
sure  due  to  the  leakage  of  the  hydraulic  parkings,  and  the  change  in 
temperature  of  the  oil — which  cooled  during  the  night. 
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Applied  loads. 

■qo 

DCD 


I 


In  gauged  length,      i  Deflectioneat  middle. 


Total 


Per  aqaare 
iDcl 


I 


Poundg. 
728,000 
730,600 
732,000 

708,000 

050.000 

594,000 

10,000 


Pound». 


Compns- 
Mion. 


Jneh. 


Set. 


Inch, 


Horisontal.  Vertical. 


Remarks. 


34,000 


Inch. 

—.21 
-.22 
—.22 

—.23 
—.22 
—.22 
—.23 


Inch, 

—  .08 

—  .08 

—  .10 

—  .33 

—  .63 
—1.00 
—1.15 


Maximum  load  af- 
ter 15  hoiirR' rest. 

Upperpldto  begiDB 
to  buckle  on  con- 
cave aide  of  puat. 

Teat  diacoDtioued. 


MasiDium  deflectioii  occuired  15  inches  from  luidtlle  of  post. 

Faileil  by  deflecting  downward;  plate  B  on  rlie  convex  side. 

Tbe  effect  of  15  lionrs'  rest  on  the  ultimate  resistance  of  tlie  post  ap- 
pears to  have  been  4,000  pounds — the  diflerence  between  728,000  and 
732,600  pounds. 
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(Tested  with  flat  ends.) 

Total  length,  20'  7".94. 

Gauged  length  (along  centre  of  continuous  phite),  200". 
Total  weight  (includes  eight  eye-plates),  1,115  pounds. 
Counter- weight  at  middle,  558  pounds. 

Sectional  area. 


Chaonel  A,  '20'  8";  weight,  259  pounds;  web,  ".27 
Chanuel  B,  20'  b  ";  weight,  2G0  pounds;  web,  ".28 
Cootinuons  plate,  20'  H" ;  weight,  :Jo2  pounds 


Sqnare  inchea. 

3. 76 

3.77 

o.U 


Total 


12. 64 
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TESTS   OF   IRON   AND   STEEL   AND    OTHER   MATERIALS. 


Tot4iI. 


Pounds. 
2911, 000 
300,  ooO 

5, 010 
310,000 
320,  ociO 
330,  OOU 
340,000 
350,000 

.'>.  (.00 
SftO.OOO 
370. 000 
380.000 
390.000 
400.000 

5.000 
410.0(0 
415,000 
420. 000 
430, 000 
431.400 
420, 000 
400.  000 
386.  DUO 
374,  000 
358.000 

5,000 


d  loads. 

1 

In  ganged  length. 

Conipres-           ««♦ 
uiou.               ^^' 

Inch.            Inch. 

.ViQl 

.1620     

'         ,0027 

Deflections  at  middle. 

'  Per  square 

inch. 

1                      1 
i 

Horizontal. 

Inch. 
—.04 
—.05 
0. 
—.05 
—.05 
—.05 
— .  05 
—.05 
—.01 
—.06 
-.07 
—.07 
—.07 
—.08 
—.04 
-.09 

Vertical. 

^    Poundt. 

Inch. 
.04 
.04 

0. 

,1083      

.1739      

.04 

.04 



.1806      

.1869          

.04 
.04 

1 

.1937      

.05 



1  ..-*>■  ■••>■• 

0074 

.2014        

.2"0«        

.2178        

.22.'>H      

.23-^7      

0210 

.01 
.06 

1 

.07 

.08 

.09 

1  !.!!.'..:... 

.04 

.  'J-J64      

.10 

.2.W»          v.   "..... 
.  -JCWS      

1 

— .  13 
-.17 
—.23 
-.28 
—.28 
—.29 
— .  30 
—.30 
— .  30 

.13 

.18 

33,862 

.30 

.65 

1.00 



2.00 

■■"■                  

2.50 





3.00 

■"•••• - --     

2.70 

■ 

RAmarks. 


Snapping  sounds. 
Ultimate  strt^ngth. 


Test  discontinued. 


Deflected  upwaid  «t  middle,  the  contiiinou8  ])late  being  on  the  con- 
vex side. 

Wlieii  the  middle  deflection  had  reached  3".(M)  vertical,  the  flat  ends 
left  their  bearings  ".02  at  the  under  or  latticed  side  of  tlie  post.  The 
flanges  of  the  channels  were  buckled  along  the  middle  of  the  post  on 
the  latticed  side. 

The  lattice-bars  were  not  buckled. 
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Tested  with  3J"  pins  in  center  of  gravity  of  channel-bars. 
Length,  center  to  center  of  i)ins,  20'  "OJ. 
■Gauged  length  (along  center  lino  channel  A),  200". 
Total  weight,  1,110  pounds. 
<3ounter-weight  at  middle,  555  pounds. 
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Sectional  area. 

Square  inohea. 

Cbaonel  A,  20' 8"  ;  weight,  251  pounds;  web,  ".27 3.64 

Channel  B, -20' H" ;  weitrht,  261  pounds ;  web,  ".30 3.79 

CoDtinnons  plate  C,  20'  b";  weight,  348  pounds 5.05 

Total 12. 4S 


Applied  loads. 


In  ganged  length.        Deflections  at  middle. 


Total. 


Pound§. 
10,000 
20,0«)0 
30,000 
40.000 
50,000 
10,000 
60.000 
70.000 
80,000 
90.000 
100,000 
10.000 

110.000 

120,000 
130,000 
140,000 
150,000 

10,000 
100.000 
170,000 
180.000 
190,000 
200,000 

10,000 
202,700 
190,000 
180.000 
165.000 
140,000 

10,000 


Per  square '  Compres- 
inch.  sion. 


Set. 


Horizontal.  Vertical 


'    Pounds. 
1 

IfiCh. 

0. 

.0069 
.0144 
.0213 
.0292 

Inch. 

0. 

.0003 

.0364 
.0440 

.  1)520 
.0599 
.0682 


.0007 


.0704 
.0849 
.0939 
.  1024 
.1117 


.0014 


.1213 
.1310 
.1418 
.1538 
.1716 


.0140 


16,242 


Inch. 
0. 

.03 

.07 

.11 

.14 

.02 

.18 

.22 

.28 

.32 

.37 

.02 

.43 

.47 

.5.1 

.59 

.67 

.02 

.73 

.82 

.90 

1.02 

1.20 

.15 

1.40 

1.90 

2.30 

3.00 

4.00 

2.80 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.01 
.03 
.OS 
.03 

0. 

.06 
.07 
.08 
.09 
.09 
.09 


Remarks. 


Initial  load. 


Ultimate  strength. 


Colamn  failed  by  horizontal  deflection;  concave  on  tbe  latticed  side. 
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(Tested  with  3^"  pins  in  center  of  gravity  of  channel-bars.) 
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Length,  center  to  center  of  pins,  20' — C'. 

Oaaged  length  (along  channel  A  in  plane  of  3^''  pins),  200'^ 

Total  weight,  1,078  pounds. 

Counter- weight  at  middle,  539  pounds. 

Sectional  area. 

Square  inch. 

Channel  A,  20' 8" ;  weight,  257  pounds ;  web,  ".29 3.73 

Channels,  20' 8'';  weight,  260  pounds;  web  ".29 3.77 

Plate  C,  20'  8";  weight,  230  pounds 3.34 

Total 10.84 


i^pplied  loRds. 


In  gaogtsd  length.       Deflections  at  middle. 


To-'-  '""".x"' *'"zr 


Pound*. 

10,000 

20,000 

30,000 

40,000 

50,000 

10.000 

60,000 

70,000 

80.000 

90,000 

100,000 

10,000 

110,000 

120. 000 

130,  COO 

140,000 

150.000 

10.000 

160, 000 

170,000 

180,000 

190,  000 

200,000 

10,000 

208,200 

200,000 

191, 000 

168,000 

152,000 

10.000 


Poundt. 


19,207 


Jneh. 

0. 

.0063 
.0138 
.0208 
.0280 


.0350 
.0425 
.0502 
.0590 
.0660 


.0743 
.0825 
.OPIO 
.  0908 
.1081 


.1178 
.1276 
.1376 
.1498 
.1681 


.1882 


Set. 


Horizontal.'  Vertical 

I 


0. 


—.0008 


—.0008 


.0001 


.0081 


Inch. 
0. 


05 
08 
12 


1. 

• 

1. 
1. 
2. 
3. 
4. 
2. 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 


1*  , 

0. 

18  t 

0. 

23  , 

0. 

26 

0. 

32 

0. 

01  1 

0. 

36 

0. 

43 

0. 

47 

0. 

53 

0. 

58 

0. 

01 

0. 

67 

0. 

74 

0. 

82 

0. 

93 

0. 

05 

0. 

12 

0. 

38 

—.01 

70 

—.03 

00 

—.04 

00 

—.06 

00 

—.08 

58 

—.08 

Remarka. 


Initial  load. 


I  Ultimate  atiengtb. 


Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the  Si*' 
pins. 
The  latticing  is  on  the  concave  side. 
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No.  352.— Set  K. 


(Tested  with  3^  inch  pius  in  center  of  gravity  of  cross-section  of  metal 

of  channel  bars  and  continuous  plate.)  "^^^i^ 

Length,  center  to  center,  of  pins,  20'  OJ". 

Gauged  length  (along  channel  A  in  plane  of  pins),  200'^ 

Total  weight,  1,120  pounds. 

Counter- weight  at  middle,  560  pounds. 

Sectional  area. 

Square  inches. 

Channel  A,  20' 8" ;  weight,  260  pounds;  web,  ".30 3.77 

Channel  B,  20' 8"  ;  weight,  2t>0  pounds ;  web,  ".30 3.77 

Plate  C,  20' 8" ;  weight,  3o2  pounds 5.11 

Total 12.65 


Applied  loadi. 


In  ganged  length. 


Tot«L 


PoundB. 

10,000 

20,000 

30,000 

40,000 

50,000 

10,000 

60.000 

70,000 

80,000 

90,000 

100,000 

10.000 

110,000 

120,000 

130.000 

140,000 

150,000 

10,000 

100,000 

170,000 

180.000 

190,000 

300,000 

10.000 

210^000 


Per  sqnare    Comprea- 
Inoh.  Bion. 


Pounds.  Inch. 

0. 

0069 

.0117 

0173 

.0220 

'.V.V.WV.'. .0287 

0341 

0398 

0457 

.0518 

!!*.!!"!.'.'; .0569 

.0627 

.0684 

0744 

.0*04 

'.\V,'.\\\\\ .0861 

0920 

0079 

;  .1038 

.1096 

"!!;!!!;!' .'ii56 


Set. 


Indh. 
0. 


.0005 


.0008 


.0018 


.0026 


Defleotiona  at  middle. 


Horisontal. 


Inehe». 

0. 

0. 

0. 

0. 
.01 

0. 
.01 
.01 
.01 
.02 
.02 

0. 
.08 
.03 
.04 
.04 
.04 

0. 

.05 
.05 
.06 
.07 
.07 

0. 
.07 


Vertical. 


Indi. 
0. 
0. 
0. 
0. 
0. 
0. 

0- 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

0. 

0. 
—.02 
—.02 
—.02 
— ^.02 
—.02 

0. 
—.08 


ke, 


marks. 


Initial  load. 


,^8 


TESTS   OP   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


Applied  loads. 


Total.      I 


Per  square 


inc 


qua 
cu. 


220. 
230, 
240. 
25", 
10, 
260, 
27(>, 
280, 
290, 
300. 

10, 
310. 
320, 
330, 
340. 
345, 
350. 
336, 
328. 
310, 
235, 
215, 

10. 


000 
000 
000 

orio 

000 
000 
000 
000 
000 
000 
000 
000 

ooo 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


PoundM.    ,    Pounds. 


In  aauged  length.       Deflections  at  middle. 


Compres- 
siuu. 


Set. 


Inch. 
.  1217 
.  1278 
.1338 
.1400 

"."i464 
.1528 
.1590 
.1656 

. 1720  I 


Inch. 


.0042 

■   I 


.0077 


.  1787  ' 
.1868 
.  1970 
.2071  . 


27,668 


.2252 


Horizontal. 


Inehet. 
.07 
.08 
.10 
.11 
—.01 
.10 

.11 

.13 
.14 
.16 
—.02 
.13 
.17 
.23 
.32 


.55 
.80 
1.00 
2.00 
2.  ."SO 
3.00 
2.50 


Vertical. 


Inch, 
—.03 
—.03 
—.03 
—.04 
0. 

—.04 
—.04 
—.05 
—.05 
—.06 
-.01 
—.06 
—.07 
—.08 
—.10 


Remarks. 


—.13 
—.13 
—.18 


Snapping  iioundfl. 
Ultimate  strength. 


Deflected  rapidly. 


Failed  by  horizontal  deflection;  concave  on  the  latticed  side  of  the 
column. 

Pin-holes  elongated  ".03  each. 

No.  353.— Set  K. 
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(Tested  with  3 J-inch  pins,  in  center  of  gravity  of  cross-section  ot  metal 

of  channel  bars  and  continuous  plate.) 

Length,  center  to  center,  of  pins,  20'  OJ". 

Gauged  length  (along  center  line  of  channel  A),  200". 

Total  weight,  1,125  pounds. 

Counter- weight  at  middle,  502  pounds. 
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Sectional  area. 

Sqaare  inehea. 

Channel  A,  20' 8"  ;  weight,  2&'>  pounds ;  we  I),  ".31 3.85 

Channel  B.  20'  8'' ;  weight,  262  pounds ;  web,  ".30 3. 80 

Plate  C,  20' 8";  weight,  :J52  poiindb 5.  11 

Total 12.76 


Appll« 

1  loada. 

Per  Muare 
inpo. 

III  fraa<rc 

Compres- 
sion. 

nI  lenf^h. 

Deflections 

Horizontal. 



Jnehet. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.  S; 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.02 

0. 
.02 
.02 
.03 
.04 
.01 
-  .02 
.03 
.03 
.05 
.06 

at  middle. 

Vertical. 

Jneh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
1        0. 
0. 

Total. 

Set. 

Remarks. 

Pounds. 
10.  (KM 

Pounda. 

Jneh. 

0. 

.0050 
.0104 
.0160 
.OJIO 

Inek. 
0. 

Initial  load 

20.000 

30,000 

40,000 

............ 



50,000 

0.' 

10.000 

60,000 

............ 

.0264 
.0320 
.0373 
.042M 
.0485 

70,000 

80,000 
90.000 





............ 

100,000 

0. 

10.000 

0. 

0.         1 

llU.  000 

.0539 
.0504 
.0649 
.0701 
.0758 

n 

120.000 
130,000 



1 
0.                                                1 
0. 

140, 000 

0. 

150,000 

0. 

10.000 

........... 

0. 

0. 

160.000 

.0810 
.0864 
.0923 
.0980 
.1035 

0. 

170. 000 

0. 
0. 
0. 

IbO.OOO 

190.000 

200.000 



V. 

0. 

10.000 

—.0001 

0. 
0. 

210,000 

........... 

.1091 
.1150 
.1206 
.1264 
.1324 

220,000 



0. 

2.10,000 

0. 

240,000 

*•••••  •-••-- 

0. 

250.000 

0. 

10,000 

'".oooi" 



1 

0. 

260,000 
270,000 

.1382 
.1439 
.1492 
.1549 
.1605 

0. 
0. 

280,000 

•••••••••*•• 

0. 

290.000 

*" 


0.                                             1 

300,000 

0.                                                1 

10,000 

... 

.0011 

1 

0. 

310.  W  0 

.1663 
.1732 
.1802 
.1884 

0. 

820,000 

0.       ! 

330,000 

0. 

340.000 



—.01    • 

345,000 

•  •  •  •  •  • 

Snapping  soonds. 

350,000 

.1966 

.'ooei" 

.07 

—  .07 
.03 
.04 

—  .10 

—  .20 
-.60 
-.70 
-1.00 
—3.00 

*  -I'oi*' 

10,000 



0. 

350,000 

.1976 
.2042 
.2122 
.2202 
.2335 

—.02 
-.03 
— .  03    ' 

360,000 

••••••  •••••• 

370,000 

380,000 

-.04 
—.08 

r 

390.000 

1 

390.400 

30,606 



— .  08        TntlniA.t»  atxAnirt-.h. 

382.000 

•^ 

390,000 

Failed  by  horizontal  deflection,  perpendicular  to  the  plane  of  the 
pins.    Convex  on  the  latticed  side. 

Pin-holes  elongated  ".08  each. 

The  channels  and  plate  took  a  sharp  bend  about  16  inches  from  cen> 
ters  of  pinholes. 


HO 
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^ 


^J^  •^ 
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'M 


) 


:e 
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^ 
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No.  337.— Set  N. 


r?^ 

jz'^se  X . 

'42 

> 

^ 

\ 

r 

( 

) 

( 

( 

«-'^ 

*^( 

.1^ 

( 

) 

( 

) 

::^.-=-- 

-JH: 

\^ 

(Tested  with  flat  euds.) 

Total  leugth,  25'  7|". 

Gauged  length  (aloug  center  of  continaoas  Plate  G),  260'^ 
Total  weight  (includes  8  eye  plates),  1,844  pounds. 
Counter- weight  at  middle,  922  pounds. 


Stctional  area. 


Clwnuel  A,  25'  rff;  weight,  500  poiiads;  web,  ".31 
Ckauuei  B,  25'  bf";  weight,  5'<^  pounds;  web,  "/S2. 
CoQtiuuou8  plate,  ib"  f ^  ,  weight,  43*2  pounds 


Sqaare  hiohea* 

5.83 

6.12 

5.04 


Total 


16.99 


Applied  loads. 


In  gauged  length,      i  DeflectlODB  at  middle. 


Toial.        ^*L*9!?»'*    ^rPJ~- 


Found$. 

10,000 

au.ooo 
:io,oto 

4U.00U 
50,iK)U 
10,000 
60,000 
70,000 
g(*,  iKlO 
90.00U 
100.000 
10,000 

iiu.wio 

lAl.OlJU 
I3u.  iHHI 
140.  OuO 
150.  UOO 

10.  IKM) 
ItiO.UOU 
I7<).  000 
ItiO.UuO 
190,000 
'iOO.O  0 

10,000 
210.000 

rx  tioo 

230,01/0 

:!iu.O(io 

2SlO,  inK) 
lU,  UOO 


Inco.  alon. 


Set. 


Horizontal.  Vertical. 


P<nind§, 


Jneh. 

0. 

.0048 
0008 


Inch. 
0. 


.0148 
.0197 

1 

! '•■'" 

.0245 
.0295 
.0340 
.o;597 

.0449 

0. 


—.0002 

.  0497     ' I 

.  054«        

.0600      

.0050      " 

.  0703      

— .  0006 


.  0752 
.  OSU.i 
.0857 
.0000 
.0900 

.loii' 

.1061 
.1114 
.1168 
.  1220 


—.0005 


-.0003 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 
0. 


1270 


.001 

.01 

.01 

.01 

.01 

). 

.01 
.01 
.01 
.01 
.01 

). 

.02 
.02 
.02 
.02 
.02 
). 
.03 


Inch, 


Kamarka. 


Initial  load. 
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Applied  loads. 


Total. 


Pounds. 
270,000 
280,000 
200,000 
300, 000 

10.  000 
310,  000 
320.  000 
330, 000 
340.  OUO 
350,000 

10.000 
860,000 
370, 000 
380.  000 
390,000 
4(»0.  000 

10, 000 
410,000 
420, 000 
430,  iiUO 
440, 000 
450,000 

10,000 
460,  000 
470,  000 
480, 0(K) 
490.000 
500.000 

10.000 
510, 000 
520,  000 
530. 000 
540,  0<H> 
550,  000 

10,  000 
560,000 
570.  000 
576.  700 
5K0,  (JOO 
582,  400 
575, 000 

5ft').  mo 

540,  000 


Per  square 
inco. 


Pounds. 


In  gauged  length.       Deflectlona  at  middle. 


Comprea- 
sion. 


Inch. 
.1325 
.1376 
.1429 
.1483 


.1538 
1.591 
.1645 
.1701 
.1756 


.1810 
.1879    1 
.1929    • 
.  19H9 
.2045 


.2107 
.217.J      . 
.2238      . 
.  2299     , 
.2370 


.  24.13 
.  2501 
.  2.578 
.2657 
.  2735 


.2822     '. 
.2910 
.2999 
.3090 
.  32:i8      . 


.3409 
.3635 


34. 279 


Set. 


Horizontal.'  Vertical. 


Jneh, 


—.0003 


0019 


0051 


.0110 


.0209 


0447 


Inch. 

i     Inch. 

.08 

.05 

.C3 

.06 

.03 

.06 

.03 

.07 

0. 

0. 

.03 

.07 

.03 

.07 

.03 

.07 

.03 

.08 

.03 

.08 

0. 

0. 

.03 

.08 

.03 

.08 

.03 

.09 

.03 

.09 

.03 

.09 

0. 

0. 

.03 

.10 

.03 

.10 

.03 

.10 

.03 

.10 

.04 

.10 

.02 

0. 

.04 

.10 

.04 

.10 

.04 

.10 

.04 

.10 

.04 

.10 

.04 

0. 

.05 

.11 

.05 

.11 

.06 

.12 

.07 

.12 

.08 

.12 

.07 

.10 

.10 

.12 

.13 

.12 

.18 

.05 

.'i3 

—.06 

.29 

—.23 

.23 

—.33 

.28 

—.72 

.32 

—1.35 

Remarks. 


I 


Scale  start  A  off  web 
of  Channel  A  in  five 
places,  between 
middle  and  south 
end  of  column. 


Ultimate  strength. 


Test  discontinued. 


Faili»(l  by  tietlecting  down  ward  and  sideways.  The  maximum  deflec- 
tion o(M-uiTod  two  feet  from  the  middle  of  the  column  towards  the  end 
where  the  scale  was  observed  to  start  oti'lirst. 

The  continuous  plate  and  Channel  A  were  on  the  concave  sides. 
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ea 


^•^ 


No.  338.— Set  N. 
C 


jCi. 


•.B 


( 
( 

( 


) 


V(^'si 


) 


t 
( 

( 


t^_fL%L-__iin^^ 


) 

) 


(Tested  with  Hut  ends.) 

Total  Icnjrtli,  25'  7J". 

Gaiipreii  leng:th  (nlong  ceuter  of  continuous  Plate  C),  260". 
Total  weight  (includes  8  eye-plates),  1,831  j>oun  is. 
Coauter  weight  at  middle,  915  pounds. 


Seclwnal  area. 


ChaDDel  A,  25'  8^";  weight,  514  pouud8;  web,  ".:}*2. 
Cbamiel  B,  25' 8i'' ;  weight,  507  iK)iiii<l8;  wel»,  ".:j  . 
Contiiiuons  plate,  25'  8^";  weight,  470  ponndH    


S<]uarc  inches.. 

6.00' 

5.92 

5.48 


Tot4il 


17.40. 


Appli«)d  loads.  In  gauged  leugth.        D.  flectiouH  at  middle. 

ToUL        ^*^„X.*™    ^So^"'  Sot.        :  Hoiirontal.  Vortl.Hl. 


Pounds. 

lo.otiu 

2U,UO0 
3U.0UU 
40,  OUO 
biK  0(M) 
lU.  UUU 
60.(iU0 
70,  (WO 
«),00U 
flO,UlHJ 
lOU.UUO 
10,000 

no.  000 

130,000 
140,000 

ISO,  000 
10.000 

100,  OtM) 
170.  OtiO 
18U,  000 
IM.UOil 
inM.OOO 

10.000 
?I0,000 
Tto,wo 
330, 000 
240,  WW 
250,000 

10,  uoo 
2GO,000 


Poundt. 


Inch. 

0. 
.  (i043 
.0OB3 
.  01 4H 
.0103 


.  02:(3 
.0:^83 
.  0:13:1 
.038:i 
.  0433 


.0484 
.05:^4 
.0587 
.0637 
.0092 

.0740 
.0793 
.084:i 
.0J<93 
.0948 


.  099.'i 
.  1047 
.109f< 
.1149 
.1204 


.125G 


Inch. 
0. 


-.0001 


-  -.  0004 


—.0006 


—.0008 


Inch. 

u. 

0. 

0. 

0. 
—  .01 


0. 


Oi 

ir_> 
02 
(rj 
U2 


u. 
0. 
U. 
0. 
0. 

«). 

0. 
0. 
0. 


—  .01 

—  .01 

—  .02 
~  .01 

—  .  02 

—  .02 

—  .  02 

—  .02 

—  .02 
0. 

—  .02 


Inch. 

0. 

0. 
.01 
.(•2 
.  02 

0. 
.03 
.03 
.03 
.03 
.03 

0. 
.04 
.04 
.04 
.04 
.04 

0. 
.05 
.05 
.06 
.06 
.06 

0. 
.07 
.07 
.07 
.07 
.07 


0. 


.OT 


Ileraarks. 


luitial  load. 
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Applied  loads. 


In  gauged  length. 


Deflections  at  middle. 


Pottndt. 
270.000 
280, 000 
290,000 
300,000 

lO.UOO 
310,000 
320, 000 
330.000 
340,000 
330,000 

10,000 
360.000 
370,000 
380,000 
390,000 
400,000 

10,000 
410,000 
420. 000 
430.000 
440,000 
450,000 

10.000 
460,000 
470,000 
480,000 
490,000 
500.000 

10.000 
510.  000 
520.000 
530,000 
540.000 
550.000 

10.000 
560,000 
570.000 
580.000 
570,000 
540,  QOO 


Personare 
inon. 


Compres- 
sion. 


Poundt. 


83,338 


Inch. 
.1310 
.1364 
.1416 
.1470 


.1525 
.1577 
.1632 
.1687 
.1741 


.1798 
.1853 
.1908 
.1966 
.2021 


.2084 
.2144 
.2208 
.2275 
.2342 


.2409 
.2475 
.2547 
.2622 
.2703 


.2815 
.2803 
.2995 
.  3105 
.3203 


.3330 
.8535 
.3898 


Set.         Horiaontal.  Vertical. 


Inch. 


0003    I 


0008 


0028 


0078 


0170 


0378 


Inch. 

—  .02 

—  ,02 

—  .03 

—  .03 
0. 

—  .02 

—  .03 

—  .03 

—  .03 

—  .08 
0. 

—  .03 

—  .03 

—  .03 

—  .03 

—  .08 

—  .01 

—  .08 

—  .03 

—  .08 

—  03 

—  .03 

—  .02 

—  .03 

—  .03 

—  .03 

—  .03 

—  .04 
-.  .04 

—  .04 

—  .04 

—  .05 

—  .06 

—  .07 

—  .08 

—  .09 

—  .11 

—  .30 

—  .50 
—1.58 


Inch. 
.07 
.08 
.08 
.08 

0. 

.08 
.08 
.08 
.09 
.09 

0. 

.10 
.10 
.10 
.10 
.10 

0. 
.11 
.11 
.12 
.12 
.13 
.02 
.13 
.18 
.13 
.14 
.14 
.04 
.14 
.15 
.16 
.16 
.16 
.08 
.19 
.20 
.23 
.30 
.48 


Remarks. 


I 


1. 


Snapping  sounds. 


Ultimate  strength. 
Te«t  disoontinned. 


Deflected  diagoually,  Cbauuel-bar  B  and  the  latticed  side  being  on 
the  concave  sides. 
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TABULATION  OP    EXPERIMENTS    ON    WROUGHT-IRON   COLUMNS    WITH 

FLAT  ENDS. 


4I 

J 

o 
6 


m 

371 


179 


Style  of  oolttmn. 


I 


Total     Section- 
leo]{th.  lalarea^ 


Ultimate 
strength. 


ToUl.     ^.reS^- 


Manner  of  fiiilare. 


// 


09b  a  t 


8q.  in.  Pound*.  Pounds. 


v:- 


—    f 


T 


« 


1 


-V 


10  7.  so 

10    7.90 


-        a» 


T 


« 


i 


v 


1  B-Jsa 

^                   f 

8M 
147 
342 
Uk 

-       ^         _ 

«     1 

4if 

SetQ. 


r 

m 

349 

^ 

341 

343 

-  «*• 

1 

r^ 

1 

18  11.80 
13  1L80 


18  11.  9 
13  11. 65 
ao        7| 

20    7.80 


12. 08     383, 200 
11.11     872,900 


17.01  I  SM.500 
17.80     638,000 

I 


13.74 
15.84 
15.68 
15.56 


18  11} 

18  Hi 

20  7.   6 

20  7| 


21.02 
21.46 
21.20 
21.49 


31,722  '  Buckling  plate  D  ba- 

tween  tn«  riveting. 
38, 564     Backling  plates. 


84,050 
85.506 


517. 000  I  82,  846 
555, 200     35, 050 


517,500 
536,900 


83,003 
34,505 


708.000 
709.500 
700,000 
729,450 


Baokling  plates       be, 

tween  tne  riveting. 
Triple  flexore. 


Backling  plates. 

Do. 
Deflecting  npward. 
Backling  plates. 


33,682  i  Backing  plates. 
33, 061     Triple  flexure. 
33, 019  ,  Deflecting  upward. 
88, 948  I  Deflecting  downward. 


S.  Ex,  36 5 
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Tabulation  of  experiments  on  wroughl-iron  oolumns  with  flat  ends — Continued. 


o 


839 

MO 


S87 


838 


Style  of  column. 


00 


6i 


Jj«ttice€L 


Total 


Section- 


intimate 
strength. 


length.   '.  alarea. 


/      // 


Total. 


Sq.in,   Poundt.  Pound*. 


Per  «q. 
Inch. 


Manner  of  fkilnre. 


20    7.94       12.64 


20    7.94 


12.74 


25 


7! 


16.99 


25 


7|     17.40 


412,900 


431, 400 


582.400 


580,000 


32, 666  Deflectingupward ;  jat- 
ticing  on  tne  concaye 
side. 


33,862 


Do. 


84,279 


33,333 


Deflecting  downward 
and  Bideways;  the 
continuous  plate  and 
Chaunel  A  were  on 
the  concaye  sides. 

Deflecting  diagonally ; 
CbanDelBand  lattic- 
ing being  on  the  con- 
caye  sides. 


TABULATION    OF   EXPERIMENTS    ON   WROUGHT-IRON    COLUMNS   WITH 

3i"  PIN  ENDS. 


^ 
& 


868 


867 
856 

857 


Style  of  column. 


SetB» 


Length, 

center 

to  center 

of  pins. 


ti 


16    0.1 


15  0 
20  0 
20    0 


Sec- 
tional 
area. 


Ultimate 
strength. 


TotaL 


8g.  in. 


11.42 


11.42 
11.42 
11.81 


Poundt, 


879,200 


369,200 
842,000 
830.100 


Per 

square 
inch. 


Poundt. 


Manner  of  failnre. 


33,205 


32.829 
29.947 
29,186 


Horisontal    deflection, 
perpendicular  to  the 
plane  of  the  pina. 
Horisoftal  deflection. 
Do. 
Do. 
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Tabulaiion  of  ejcperiments  on  wrought-iron  colufnn$  with  ^"  pin  end9 — Continued. 


4i 

J 

o 
e 


171 
870 


SS6 


Kl 


1» 


Style  of  oolnmn. 


SetC. 

f 


1^^  1  t  1 

^' . !  »§ 

-V 

1  *< 

1 

\i^ 

^7 

SeiJf. 


—  6r    I 


f^ 


r^ 


*«- 


L^ 


SHB. 

»- 

arj 

t_ 

JkS 

i 

1 

Length, 

center 

to  center 

of  pins. 


Sec- 
tiouAl 
area. 


intimate 
strength. 


/     // 


I      9  11.9 

I 


I 


10    0 
15    0 


15  0 
20  0 
20    0 


18    4i 
13    4 


20    0 


20    0 


ToUL 


8q.  in.   Poundt. 


0.14 

10.07 
0.21 


0.44 


280,100 

810,200 
291,500 


290,000 
9.24  '  267,500 
9.30  I  279,700 


15.34 


15.40 


Per    I 

sqoarei 

mch.  I 


Manner  of  failare. 


PtmndM. 


I 


81,802 

81,008 
31,650 


30,720 
28.9fi0 
29,879 


475, 000     30,  966 


486,000  .  31,404 


Buckling  the  platea be- 
tween toe  riveta. 
Do. 
Horiaontal     df^flection 
and  back  ling  between 
the  rlTCta. 
Do. 
Triple  flexore. 
Horizontal  deflection. 


Deflecting  upward,  in 
the  plane  of  the  3|" 
pins. 

Horisontal  deflection, 
perpendicular  to  the 
plane  of  the  8|"  pina. 


17.77 


17.22 


570,000 


32,077 


555, 400     32, 253 


Horizontal    deflection, 
perpendicular  to  the 
plane  of  the  ptna. 
Do. 


68 


TESTS   OP   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


Tabulation  of  experiments  on  wrought-iron  columns  with  Z^"  pin  ends — Continaed. 


I 

o 


350 
851 
852 
358 


Style  of  colamn. 


V  « 


I 


Set 

K 

1 

t 

4S 

^ 

m 

1 

i 

i 

fe 

*-6: 

-1 
i 

• 

5 

.s 

s 

I 


Ultimata 


Length,      «^     I        strength. 

center   <  xP^,  , -. 

to«.nter,  *^  '    Per 

of  pins.  1    "^'   I   TotaL     square 

I  inch.  ! 


Manner  of  fdlore. 


/       n 


20  Oi 

20  0 

20  Oi 

I    20  Oi 


Sq.  in.   Pounds.  Pomid: 


I 


12.48 
10.81 
12.85 
12.70 


202,700 
208,200 
350,000 
890,400 


10,242    HorfxoDtal    deflection. 

concave  on    latticed 

side. 
19, 207    H6rizontal    deflection, 

concaved  on  latticed 

aide. 
37, 868    Horizontal    deflection. 
I    concave    on  latticed 

Bide. 
30, 596    Horixontal    deflection, 

perpendicalar  to  the 

plane  of  the  pina: 

convex    on    latticed 

side. 
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— C0MFRES8I0H  TESTS  OF  BRICK  PIEBS.  TOGETHER  WITH  TESTS 
OF  SnrOLE  BRICKS  AHD  MORTARS  USED  IH  THEIR  COHSTRUC- 
TIOH. 

REMARKS  ON   TESTS  OF  THE  SINGLE  BRICKS. 


Three  kinds  of  bricks  were  employed  in  the  construction  of  the  piers. 

The  common  and  face  bricks,  both  hard  burnt,  were  from  the  yard  of 
M.  W.  Sands,  North  GamV)ridge,  Mass. 

The  bricks  from  the  Bay  State  Brick  Company,  Boston  and  Gam- 
bridge,  Mass.,  were  medium  burnt. 

The  latter  kind  had  been  used  in  a  wall  and  the  arches  of  a  floor 
previous  to  being  built  into  piers ;  none,  however,  appeared  to  have 
been  injured. 

The  bricks  were  all  tested  between  flat  steel  compression  platforms, 
the  compressed  surfaces  having  been  ground  approximately  flat  with 
loose  emery  on  a  face-plate. 

To  improve  the  bearings  and  effect  a  better  distribution  of  the  load, 
thin  pieces  of  brass  packing  were  placed  between  the  corners  or  edges 
of  the  bricks  and  the  steel  platforms,  when  there  was  sufficient  opening. 

The  average  crushing  strength  of  three  bricks  of  a  kind  was  used  as 
a  basis  in  comparing  the  efficiency  of  the  difierent  piers. 

The  strength  of  single  bricks  tested  in  this  manner  is  largely  in  excess 
of  the  crushing  strength  of  any  pier. 

When  placed  between  rigid  platforms  with  good  bearings,  a  brick 
occupies  a  more  favorable  positiou  for  strength  than  between  other 
bricks  or  cushions  of  less  strength,  the  rigidity  of  the  platforms  con- 
tributing strength  by  preventing  spreading  in  a  direction  at  right  angles 
to  the  line  of  pressure,  due  to  the  friction  between  the  surfaces  in  contact. 

Failure  occurs  in  detail,  the  corners  and  along  the  edges  first  flaking 
off;  a  process  which  continues  till  the  maximum  load  is  reached,  when 
disintegration  becomes  general  and  the  sustaining  power  rapidly  falls. 

COMPRESSION  OF  SINGLE  BRICKS, 
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Face  Bricks. 


• 

Dimenaions. 

• 

Ultimate  strength,  j 

$ 

1 

o 

i 

1 

§ 

Bemarks. 

1 

i 

a 

• 

3 

1 

A 

• 

• 

1 

Sua 

3 

JZ5 

2 

Inches. 

S 

o 

d 

£ 

Inches. 

Inches. 

59.in. 

P&tinds. 

Poitndt. 

4409 

7.75 

3.70 

2.10 

28.68 

317, 100 

11, 056     Brass  packing  used  under  cor- 
'     ners  to  secure  an  even  bearing. 

4410 

7.75 

3.76 

2.07 

29.14 

407,500 

13, 984  •  Packed  ander  one  comer. 

4411 

7.52 

3.67 

2.05 

26.85 

449, 300 

16, 734  1  Packed  along  two  edges. 

Mean  crashiDg  streDgth,  13,925  pounds  per  square  iuch. 

No.  4409. 

Begau  to  flake  near  one  end  under  174,000  pounds. 
Pailed  gradually  under  the  maximum  load. 

No.  4410. 

Snapping  sound  at  104,000  pounds,  but  no  cracks  in  sight. 
At  175,000  pounds,  flaked  off  at  corner. 
At  234,000  pounds,  one  end  flaked  off. 

No.  4411. 

At  110,000  pounds,  flaked  off  at  middle  of  one  face. 
At  237,000  pounds,  continued  crushing  along  one  face. 

Common  Bricks. 


Number  of  test. 

Dimensions. 

^ 

Ultimate  strength. 

1 

Remarks. 

! 

• 

s 

a 

1 

3 

o 
H 

Pi 

4412 
4413 
4414 

Inches. 
8.12 
7.90 
8.10 

Inches. 
3.50 
S.56 
3.62 

Inches. 
2.07 
2.15 
2.12 

Sq.  in. 
28.42 
28.12 
29.32 

Pounds. 
562,300 
628. 500 
381,000 

Pounds. 
19, 785 
22,351 
12,995 

Packed  under  two  comers. 
Packed  under  three  comers. 
Packed  under  two  oomers. 

Mean  crushing  strength,  18,337  pounds  per  square  inch. 

No.  4412. 

Cracking  sounds  at  348,000  pounds  pressure,  but  no  cracks  in  sight. 
At  445,000  pounds  first  cracks  appear,  flaking  off  along  one  side. 
Fractured  suddenly  after  passing  the  maximum  load. 

No.  4413. 

At  312,000  pounds,  cracked  at  corner. 

At  405,000  pounds,  flaked  off  along  edges.  Gradual  failure  after 
passing  maximum  load,  reducing  pressure  to  about  580,000  pounds, 
when  sudden  crushing  occurred. 

No.  4414. 

At  95,000  pounds,  flaked  off  at  end  near  corner.  Frequent  flaking 
of  specimens  above  load  of  150,000  pounds. 
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Bay  State  Bricks  (old). 


• 

Dimeiuioiis. 

s 

Ultimate  strength. 

J 

« 

o 

1 

a 

a 

• 

t 

3 

1 

a 

M 

5 

-1 
1 

Remarks. 

IneheM. 

InehM. 

InthBt. 

8q.  in. 
28.20 

Pound$. 

Poundt. 

• 

4415 

7.90 

3.57 

2.00 

313, 600 

11, 120 

One  comer  packed ;  otherwise 

took  an  even  bearing. 

4416 

7.78 

3.70 

2.02 

28.70 

365.900 

12,709 

Two  comers  pai'ked. 

4417 

7.70 

3.50 

2.11 

26.05 

280,000 

10,390 

Toiik  even  bearings  without 

i 

1 

]>aoking. 

Mean  crnshing  strength,  11,406  pounds  per  square  inch. 

No.  4415. 

Began  to  flake  off  at  end  nnder  145,000  pounds  pressure.  Opened 
cracks  and  flaked  off  at  edges  generally  after  passing  250,000  pounds. 

No.  4416. 
Began  to  flake  at  end  near  corner  under  215,000  pounds  pressure. 

No.  4417. 

Began  to  crack  along  one  edge  at  196,000  pounds. 

At  258,000  pounds  decided  yielding  occurred,  the  pressure  remaining 
stationary  about  one  minute.  The  brick  then  gave  a  higher  resistance, 
the  load  increasing  to  290,000  pounds,  its  maximum,  after  which  grad- 
ual failure  occurred. 

REMARKS  ON  TESTS  OF  THE  MOBTAB. 

Three  cubes  of  each  kind  of  mortar  were  made  at  the  time  and  allowed 
to  season  with  the  piers,  and  at  the  age  of  14^  months  they  were  tested. 

Th^age  of  the  plaster  of  paris  cube  was  4  months. 

The  cabes  were  tested  between  flat  steel  platforms,  after  the  manner 
of  the  tests  of  single  bricks.  Micrometer  measurements  from  face  to 
^u^e  of  the  steel  platforms  showed  the  compression  of  the  cubes  under 
stress,  and  are  tabulated  in  detail. 

Diagrams  illustrating  the  compressibility  follow  the  tables,  selecting 
the  most  rigid  cube  of  each  kind  of  mortar  as  best  indicating  the  quality 
of  that  composition. 

The  marked  difference  in  crushing  strength  of  the  same  kinds  of  mor- 
tar is  accompanied  by  a  corresponding  diflerence  in  their  relative  com- 
pressibility, the  strongest  cement  being  also  the  stiffest. 

When  lime  mortar  is  added  to  cement,  in  the  proportions  here  em- 
ployed^ its  effect  on  the  mortar  is  found  comparatively  more  serious 
with  the  Portland  cement  than  with  Bosendale  cement,  weakening  each 
to  such  an  extent  that  practically  there  is  little  diflerence  in  the  result- 
ing mortar,  either  as  regards  strength  or  compressibility,  whether  Port- 
land or  Bosendale  cement  is  used. 

Plaster  of  paris  has  been  found  a  convenient  and  useful  material  for 
facing  the  ends  of  brick,  stone,  and  mortar  specimens  for  the  purpose  of 
securing  even  bearings  when  tested,  its  crushing  strength  and  stiffness 
giving  it  a  high  rank  among  cements  and  mortars. 
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REMARKS  ON  THE  TESTS  OF  BRICK  PIERS. 

This  series  embraces  the  test  of  thirty-three  piers,  built  of  two  kinds 
of  common  bricks  and  one  kind  of  face  brick,  which  were  laid  in  mor- 
tars of  different  composition.  The  cross-section  dimensions  range  from 
»'  X  8''  to  16'^  X  16",  and  the  heights  from  16  inches  to  10  feet 

The  bricks  were  laid  on  bed,  and  joints  broken  every  course,  with  the 
exception  of  two  12''  x  12"  piers,  one  of  which  had  joints  broken  every 
sixth  course,  and  one  had  the  bricks  laid  on  edge. 

They  were  built  in  the  month  of  May,  1882,  and  seasoned  in  a  cool, 
dry  building.    Their  ages  when  tested  ranged  from  14  to  24  months. 

During  seasoning  it  became  necessary  to  move  the  piers  to  another 
building,  at  which  time  some  of  them  were  broken.  The  fractured  sec- 
tions were  set  up  and  joints  remade  with  plaster  of  pans  or  lime  mortar 
immediat-ely  before  testing. 

They  were  transported  to  the  testing  machine  without  injury,  in  a 
fixture  consisting  of  two  cast-iron  plates,  which  were  set  on  the  ends  of 
the  pier  in  plaster  of  pans.  Wrought-iron  tie-rods,  provided  with  turn- 
buckles,  connected  the  cast-iron  plates.  By  tightening  the  tie-rods  the 
inclosed  pier  is  placed  in  a  state  of  compression,  thus  increasing  its 
transverse  strength  sufficient  to  enable  it  to  be  transported  and  adjusted 
in  the  horizontal  position  in  which  it  was  tested.  When  the  initial 
load  had  been  applied  the  tension  on  the  tie-rods  was  released. 

Compression  measurements  were  taken  within  the  gauged  length — a 
distance  laid  off  along  the  center  line  of  the  pier,  and  middle  part  of  its 
height.  Contact  of  the  pier  with  the  beam  of  the  micrometer  was  made 
through  blocks  carrying  conical  spur  points  clamped  to  the  bricks. 

When  the  gauged  length  and  height  of  the  pier  are  the  same,  the 
compression  measurements  were  taken  from  face  to  face  of  the  compres- 
sion platforms. 

Loads  were  gradually  applied  in  regular  increments,  measuring  the 
compression  as  the  loads  advanced,  and  returning  at  intervals  to  the 
initial  load  to  determine  the  permanent  set;  continuing  in  this  manner 
till  the  maximum  load  was  nearly  reached,  when  the  micrometer  was 
removed  for  safety,  and  the  pier  covered  with  canvas ;  then  increasing 
the  pressure  till  the  ultimate  resistance  was  determined. 

One  pier  was  tested  with  repeated  loadings,  and  the  loads  allowed  to 
remain  acting  for  periods  of  tive  minutes  each,  measuring  the  compres- 
sion of  the  pier  when  the  loads  were  first  applied  and  at  the  expiration 
of  that  time.    The  sets  were  determined  in  the  same  manner. 

Cracks  made  their  appearance  at  the  surfaces  of  the  piers  and  were 
gradually  enlarged  before  the  maximum  loads  were  reached.  Final 
failure  occurred  by  the  partial  crushing  of  some  of  the  bricks,  and  by 
the  enlargement  of  these  cracks,  which  took  a  longitudinal  directiou 
and  occurred  in  the  bricks  of  one  course  opposite  the  end  joints  of  the 
bricks  in  the  adjacent  courses.  This  manner  of  failure  was  common  to 
all  the  piers. 

In  examining  the  results  of  the  cement  and  mortar  tests,  superior 
strength  is  found  in  the  Portland  cement;  likewise  the  piers  laid  la 
Portland  cement  gave  the  highest  resistance,  while  piers  of  the  same 
kind  of  bricks  but  laid  in  weaker  mortar  showed  lower  results,  from 
which  it  appears  that  the  quality  of  the  mortar  employed  is  a  very  im- 
portant function  in  the  strength  of  brick-work. 

A  material  tested  between  cushions  weaker  than  itself  suffers  by  the 
disintegration  of  those  cushions. 
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The  mortar  acting  as  a  cashion  to  distribate  the  load  of  compression, 
the  nearer  the  physical  properties  of  the  mortar  approach  those  of  the 
bricks  the  more  strength  will  be  developed  in  the  pier. 

The  inflnence  of  the  mortar  on  the  behavior  of  the  piers  is  further 
shown  by  the  amount  of  their  compression  under  stress,  as  given  in  the 
•details  of  the  tests  and  illustrated  by  diagrams  plotted  from  the  com- 
pression measurements  there  recorded. 

^  The  yielding  of  the  piers  is  confined  largely  to  mortar  in  the  joints. 
Therefore  in  their  behavior  they  resemble  the  cubes  which  represent  the 
kinds  of  mortar  employed. 

The  early  compressions  recorded  during  some  of  the  tests  show  an 
apparent  rigidity  not  oiiginally  possessed  by  the  pier,  but  which  resulted 
from  the  load  on  the  tie-rods  during  transportation  of  the  piers  exceed- 
ing the  initial  load  of  the  test.  This  is  most  conspicuous  with  piers 
laid  in  the  weaker  class  of  mortars. 

The  second  application  of  a  given  load  usually  caused  an  increase  in 
the  total  amount  of  compression,  and  as  the  higher  loads  were  reached 
the  difference  of  the  two  readings  became  greater.  The  quality  of  the 
mortar  in  this  case  was  a  controlling  element. 

It  is  believed  that  repeated  loads  would  eventually  reduce  the  ultimate 
strength  of  a  pier  by  fii-st  destroying  the  mortar,  after  which  the  bricks 
would  fail  in  detail,  on  account  of  the  unequal  distribution  of  load  which 
woald  ensue. 

The  higher  result  obtained  with  pier  No.  289,  which  was  subjected  to 
repeated  loading,  is  regarded  as  exceptional. 

Pier  No.  291,  with  joints  broken  every  sixth  course,  was  13.6  per 
cent,  stronger  than  the  average  of  piers  Nos.  288  and  289,  laid  in  the 
same  kind  of  mortar  with  joints  broken  every  course. 

Laying  the  bricks  on  edge  also  appears  to  have  a  tendency  to  increase 
the  strength  of  the  pier. 

•  These  examples  are  from  piers  laid  in  lime  mortar,  the  weakness  of 
which  causes  the  bricks  to  fracture  under  transverse  stress.  The  piers 
are  strengthened  in  this  direction  by  laying  the  bricks  on  edge,  or  lay- 
ing several  courses  before  breaking  joints. 

Comparing  solid  and  hollow  piers  laid  in  the  same  kind  of  mortar, 
the  strength  is  substantially  the  same  for  the  short  face  brick  piers 
(Nos.  283  and  284).  In  common  brick  there  is  a  difference  in  favor  of 
the  solid  pier  (Nos.  281  and  282).  In  each  case,  however,  with  piers  10 
feet  high,  the  strength  of  the  hollow  exceeds  that  of  the  solid  pier,  not 
only  in  pounds  per  square  inch  of  actual  compressed  surface,  but  the 
gross  load  sustained  is  greater  for  the  hollow  than  the  solid  pier. 

The  relative  strength  of  the  piers  10  feet  high  is  as  follows,  calling 
the  strength  of  the  solid  piers  100 : 


Ko.  of  teat. 


332,334 
331.330 


Noininal  dimensions. 


CroM- 
section. 


Height. 


Inches, 
12  by  12  , 
12  by  12  ' 


FeeL 


Kind  of 
brick. 


10     Face 

10     Common 


K«».latiye  strength. 


QitMS  load. 


Solid 
pier. 


Hollow 
pier. 


l(k) 
100 


Per  square  inch. 


Solid 
pier. 


Hollow 
pier. 


PoundM.  .  Poundi. 
105  ,  100  120 

120  100  :  142 
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Piers  have  been  built  and  are  now  seasoniDg,  which  are  intended  to 
show  the  absolute  and  relative  strength  of  solid  and-  hollow  piers  for 
intermediate  lengths,  not  covered  by  this  series  of  experiments. 

Arranging  the  single  bricks  and  such  piers  as  are  directly  comparable 
in  the  order  of  their  strength,  we  have — 

Strength  of  Hugh  brieks,  * 

Pounds  per 
square  inch. 

ComDion  bricks 18,337 

Face  bricks 13,925 

Bay  State  bricks 11,400 


[12"  X  12"  piers,  24"  high,  laid  in  Ume  mortar.] 


No.  of 
test. 


Kind  of  brick. 


Ultimate 
strength  per 
square  inch. 


Efficiency. 


281      Common  . 

283      Face 

286      Bay  SUte 


Pounds. 

2,150 
1,940 
1,870 


Percent. 
11.7 
18.9 
12.0 


112"  X  12"  piers,  lO'  high,  laid  in  lime  mortar.' 

1 

382 
331 
327 

Face 

1,511 

1,118 

924 

10.9 
6.1 
8.1 

Common    

Bay  State 

[12"  X  12"  piers,  10'  high,  laid  in  mortar  composed  of  Portland  cement,  I  part;  sand.  2  parts.] 


826 
829 


Face  .... 
Common 


2.263 
2,003 


1&2 
10.9 


From  the  above  comparisons  it  is  seen  that  the  highest  results,  when- 
tested  singly,  are  obtained  with  the  common  bricks;  and  that  the  same 
order  of  strength  prevails  in  the  lime  mortar  piers  24"  high,  whereas 
in  the  piers  10^  high,  whether  laid  in  lime  or  cement  mortar,  the  differ- 
erence  in  strength  is  in  favor  of  face  brick ;  a  result  attributed  to  the 
evenness  of  the  bed  surfaces  of  the  face  bricks  over  the  common  bricks, 
by  which  a  better  distribution  of  the  loads  of  compression  is  obtained. 

In  order  to  judge  of  the  quality  of  brick  work  with  reference  to  the 
kind  of  mortar  employed,  the  following  table  is  given,  taken  from  the 
results  of  Bay  State  bricks  in  12"xl2"  piers,  6'  high. 


No.  of 

test. 


288 
289 
801 
293 
3C0 
294 
290 


Composition  of  mortar. 


1  lime,  3  sand 

1  limv,  3  sand 

2  lime  mortar  (1  lime,  3  sand),  1  Rosendale  cement 

1  Rosendale  cement,  2  sand 

2  lime  mortar  (1  lime,  3  sand),  1  Portland  cement . 

1  Portland  cement,  2  sand 

Clear  Portland  cement 


Efficiency 
of  pier. 


Percent 
9.9 
10.6 
14.4 
17.8 
12.4 
16.7 
20.8 


The  difference  in  the  compressibility  exhibited  by  these  piers,  due  to 
the  quality  of  the  mortar,  shows  that  it  is  esseutial,  in  order  for  piers 
to  work  together  in  harmouy,  that  they  should  be  laid  all  in  the  same 
kind  of  mortar,  with  joints  practically  of  the  same  thickuess. 
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No.  11. 
8''  hrickpier. 

[BaUt  of  tfran  counes  of  fkee  briok,  Ukld  in  lime  mortar.    Ccunpotitios  of  mort«r,  one  pMi  limi^ 
three  parte  eend.    Age  whes  teeted,  flfteen  mODtlie.] 

Total  weight  of  pier,  73  poands. 

Wei^bt  per  cubic  foot,  137.4  poands. 

Total  height,  16J''. 

Sectional  area,  7'^55x7'^55=:67.0  square  Inches. 

Ganged  length,  l(^". 


Applied  loeda. 


TotaL 


Pow»dt. 

1.000 

5,000 

10,000 

1,000 

IS.  000 

20,000 

1,000 

25.000 

30,000 

1.000 

36,000 

40,000 

1.000 

45.000 

50,000 

1,000 

5^000 

00.000 

65^000 

70,000 

75,000 

«0.000 

85,000 

90,000 

K,000 

100,000 

105,000 

110,000 

115,000 

120,000 

125,000 

ftO,000 

135^000 

143.000 


Per  eqaere 
inen. 


Pounds, 


Comprea- 
■ion. 


2,520 


Jneh, 

0. 

.0000 
.0116 


.0175 
.0280 


.0280 


0440 


.0520 
.0560 


.0645 
.0700 
.0770 
.0880 
.0800 
.0050 
.1000 
.1000 
.1210 
.1256 
.1290 
.1860 
.1450 
.1580 
.1660 
.1060 
.1790 


Set. 


Remarka. 


Inch, 


.0085 


.0160 


.0280 


.0820 

'.'moo' 


Crack  appeared  in  end  course. 

Longitndiaal  cracks  generaUy  developed 
in  alternate  conrses,  opposite  Joints. 


Ultimate  strength. 


S.  Ex.  36 6 
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No.  320. 

8"  bridkpier. 

rBoilt  of  thirty-flye  coarses  of  &oe  brick,  laid  in  lime  mortM'.    Composition  of  mortar,  one  part  lime 
wee  parts  sand.    Ayerage  tihckness  of  Joints,  i".    Age  when  tested,  twenty -three  months.] 

Total  weight  of  pier,  357  pounds. 

Weight  per  cubic  foot,  133.5  pounds. 

Total  height,  80". 

Sectional  area,  7^.6  x  7^.6=57.76  square  inches. 

Gauged  length,  50". 


Applied  loads. 

Compres- 
sion. 

Set 

Total. 

Personsre 
incn. 

Poundt. 

5.000 

7,500 
10.000 

5,000 
12,600 
15,000 

5,000 
17.500 
20,000 

5,000 
22,500 
25,000 

5,000 
27.500 
30,000 

5,000 
82,600 
85^000 

5,000 
37.500 
40.000 

5,000 
42,600 
46,000 

5,000 
47,600 
50,000 

5,000 
52,500 
56.000 

5.000 
57,500 
00,000 

5,000 
106,400 

Poundt. 

Inch, 

0. 

.0020 
.0038 

Inch, 

.0006 

.0062 
.0088 

.0020 

.0135 
.0100 

.0088 

Cracks  in  fire  courses  near  the  middle  oi 
the  length  of  the  pier. 

Micrometer  remoTcd. 
Ultimate  strength. 

.0256 
.0818 

.0170 

.0880 
.0468 

.0270 

.0645 
.0610 

.0888 

.0685*' 
.0780 

.0470 

.0612 
.0856 

.0666 

**"•*••""""" 

.0862 
.0972 

••••««•••••. 

.0645 

.1072 
.1115 

.0745 

.1208 
.1256 

.0845 

i,«n 

Failed  by  opening  longitudinal  seams,  and  partially  crushing  bricks 
in  thirteen  courses  near  the  middle  of  the  pier. 

When  the  micrometer  was  removed  the  pier  was  then  covered  with 
canvas.  Frequent  snapping  sounds  were  heard  after  fte  load  passed 
75,000  pounds. 

Occasionally  the  load  would  fall  momentarily,  when  there  was  sudden 
yielding  of  the  pier. 


TESTS  QF  IRON  AND   STEEL  AND   OTHEB  MATERIALS.         83 


No.  12. 

8''  Mek  pier. 

(BnOt  ot  aeren  eomnm  of  faoe  briok,  laid  in  Mmant  mortar.    Conpoaltkm  of  mortar,  one  part  Ptorl- 
liM  oMDODt,  two  parts  aaad.    Age  when  teated,  fifteen  niontha.| 


Total  weight  of  pier^  74  poands. 

Weight  per  cubic  foot,  136.3  poands. 

Total  height,  WM. 

Sectional  area,  7^^6x7^'.6=57.76  square  inches. 

Gauged  length,  16''.24. 


Applied  loads. 

CoDiprea* 

SiOB. 

Set 

Remarks. 

Total. 

Per  square 
inoii. 

Founds. 

1.000 

5,000 
10.000 

1.000 
15.000 
20.000 

1,000 
25,000 

Ptmndi. 

0. 

.0020 
.0085 

JnA, 

Bnd  briok  shelled  off  the  fMe,  next  eom* 

Craoks  opened  in  seoond  and  fifth  oooises. 
Ultimate  strength. 

...... ...... 

.0016 

.0065 
.0075 

.0090 

.0096 
.0116 

80,000 

1,000 

.0040 

85^000 

40,000 

1,000 

45,000 

50,000 

1.000 

58^000 

00.000 

05^000 

70.000 

75^000 

80,000 

85,000 

00.000 

95.000 

100,000 

1.000 

105.000 

110,000 

115.000 

120.000 

128^000 

185^000 

140,000 
145.000 
150.000 
1,000 
155,000 
100,000 
106.000 
170,000 
175,000 
180,000 
185,000 
190,000 

.0140 
.0100 

.0008 

.oiS" 

.0210 

.0080 

.0242 
.0900 
.0288 
.0906 
.0825 
.0850 
.0376 
.0990 
.0410 
.0428 

.'oiio" 

.0480 
.0495 
.0515 
.0686 
.0565 
.0678 
.0690 
.0610 
.0040 
.0060 

.0966 

.0710 
.0790 
.0750 
.0770 
>         .0790 
.0810 
.0680 
.0800 
.0890 
.0915 
.0909 
.0990 

1 

196,000 

200.000 
205^000 
210,000 
1,000 
210,000 
218^100 

.0645 

.1140 

8.776 
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No.  321. 

8''  Mde  pier. 

[Boili  of  thirtr-ilT*  oomsei  of  Uoa  Mck,  laid  in  oeiMiit  moctor.  ConpooiUim  of  nortof,  ob»  pfii 
Portland  oement,  two  parU  aand.  4>Taiage  tUokneM  of  Jolata,  A".  Thia  pior  waa  teokao  mto  (biaa 
piaoaa  In  tnuisportatlon  to  testing  machine,  separating  between  tne  fourth  and  fifth  and  between  the 
iwenty*third  and  twenty*ftrarth  oonraea.  Pier  waa  aet  up  without  additional  oement  In  the  broken 
jointo.    A^e  when  tested,  twenty-three  months.] 

Total  weight  of  pier,  357  pounds. 

Weight  per  cabio  foot,  133.5  poands. 

Total  height,  80". 

Sectional  area,  7". 6  x  T'S  =  57.76  sqnaire  inches. 

Ganged  length,  50"'. 


Applied  loads. 

Comprea- 
afon. 

Set. 

• 
Semarks. 

TotaL 

Per  square 
inoL 

PetMMlt. 

5,000 

7,600 
10,000 
12,600 
15,000 
17,600 
20,000 

5,000 
22.600 
25^000 
27,600 
80,000 

5,000 
32,500 
85,000 
87,500 
40,000 

6,000 
42,600 
45,000 
47,500 
50.000 

6,000 
52,500 
55,000 
57,500 
80,000 

5.000 
82,500 
85,000 
67.500 
70,000 

6^000 
72,500 
76,000 
77,500 
80.000 

6.000 
82.500 
85.000 
87,500 
80,000 

6,000 
02,500 
8^000 

6^000 

128,800 

Poundc 

Inck. 

0. 

.0008 
.0018 
.0028 
.0040 
.0060 
.0082 

Inck. 

Cracks  opend  in  seoond,  third,  and  fourth 
ooursea. 

Cracks  doToloped  in  courses  1  to  7.  aooom- 
panled  by  alight  exploslTe  sounds. 

IfioTometer  now  remoTed,  and  pier  oorered 
withoauTas. 

Ultimate  atrength. 

•  ••••••••  "k"- 

.0012 

.0078 
.0000 
.0106 
.0118 

.0028" 

.0130 
.0140 
.0152 
.0168 

.0040 

.0186 
.OlM 
.0215 
.0228 

.0068 

.0250 
.0262 
.0276 
.0200 

••■^•••••••> 

.0082 

.0310 
.0325 
.0338 
.0358 

.0108 

.0878 
.0390 
.0405 
.0420 

.0125 

.0440 
.0458 
.0470 
.0488 

.0150. 

.0828 
.0650 

.0186 

2,249 

Pier  failed  by  partially  crashing  bricks  in  lower  courses,  and  opening 
longitudinal  seams  half  the  length  of  the  pier. 


fjyo.  Rss 
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Fo.  283. 


[Bdltof  t« 
pMtsHDd.   Afe 


12"  hriek  pier. 

of  fMe  Iniok,  laid  in  lime  aoorter,    C«aipo«ltion  of  norter,  one  pert  lime,  three 
teeted,  eighteen  and  one-half  oontha.] 


Total  height,  23''.05. 
SectioDal  area,  11''.50  z  11" .80 
Oaaged  length,  23"M. 


182J26  square  inches. 


Apptted  loads. 

1 

CompTea* 
alon. 

Set 

Bemarka. 

1 

Total 

Personare 
iDoa. 

PMindf. 

5,000 
10^  000 
15,000 
20,000 
25.000 

6,000 

Pbimtfy. 

0. 

.0028 
.0060 
.0076 
.0102 

Jiidk. 

Snapping  aoimda. 

• 

Ultimate  atrangth. 

• 

.0002 

26^000 

1  liiiiii 

OOiOOO 

■••••• •••••• 

95^000 
40,000 
45.000 

"•"•••••■**• 

'      80^000 

5^000 

80^000 
66^000 
00,000 
66^000 
70,000 
76^000 
6^000 
78COOO 
OOtOOO 
88^000 
90^000 
06.000 

100,000 
6,000 

100,000 

mooo 

190,000 
180,000 
140,000 

loitooo 

170,000 
180,000 
190^000 
980,000 
987,100 

.0144 

.0268 
.0270 
.0202 
.0820 
.0850 
.0878 

. 

•  .  a      •  •  a  • 

.0940 

i  iiiiili 

.0800 

.0682 
.0000 
.0746 
.0626 
.0006 
.1060 
.1280 
.1870 
.1440 
.1640 
.1076 

1,040 

tyyb.^8^ 
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N0.2S4. 

12''  hriekpier,  hollow  eenUr. 

[Bailt  «f  tan  emurtM  of  Cma  briok,  laid  in  Ume  norter.    Compo«lti<m  of  mortftr,  one  pwt  Ume,  thne 
pMtt  Hoid.    Age  when  tested,  elghieen  end  e  belf  mentlie.) 

Total  height,  23" M. 

Dimensions  of  cross-section,  ll''.5zl^^5■sl32.25  square  inches. 
Dimensions  of  hollow  center,  4^^25x4^^35=3:18.49  square  inches. 
Sectional  area,  113.76  square  inches. 


;        Applied  loede. 

1 

Compiee- 
eion. 

Set 

Bemerks. 

Totel. 

r 

Persqnace 
h3^ 

6,000 
10,000 
16^000 
90,000 
25^000 

8^000 
26^000 
80,000 
85^000 
40,000 
48^000 
80LO0O 

6^000 
50,000 

Pomtda. 

0. 

.0080 
.0146 
.0186 
.0880 

JnM. 

Snapping  eonnde.    No  cracka  in  light. 
Briok  in  end  oonrte  ornehee. 

Ultiniete  ttmgtlk. 

.0146 

.0240 
.0872 
.0810 
.0860 
.0880 
.0428 

.0286 

.0460 
.0620 
.0900 
.0616 
.0060 

00.000 
06y  000 

70.000 

75^000 

8lOOO 

.0485 

79^000 

.0086 
.0720 
.0770 
.0616 
.0870 
.0880 

80^000 

86^000 

90L0OO 

86^000 

100,000 

SlOOO 

.0640 

UOlOOO 

.0876 
.1060 
.1140 
.1266 
.1886 
.1460 
.1640 
.1060 
.1700 
.1860 
.2010 

110,000 
190,000 

140,000 
160,000 
180. 000 
170,000 
180,000 
180,000 
280,000 
298^100 

1,800 
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No.  286. 


[Bnilt  often  ooartM  of  fMe  Mek,  laid  In 


12f*kriekpier. 

DMit  mortar.    Conpoaitkm  of  mortar,  one  part  Portland 
t,  two  parte  aand.    Age  when  teeted,  elgbteen  and  one-half  montha.) 

Total  height,  23". 50. 

Sectional  area,  ll'^50  x  11^^50  =  132.25  sqnaro  inches. 

Gauged  length,  23'^50. 


Applied  loada. 


P&unda. 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

6,000 

50,000 

00,000 

70,000 

80,000 

90,000 

10U,000 

5,000 

100,000 

110,000 

120,000 

130,000 

140,000 

150,000 

5,000 

150,000 

100,000 

170,000 

180,000 

190.000 

200,000 

5,000 

200.000 

10.000 

210,000 
220,000 
230,000 
24U.000 
250,000 

6.000 
250.000 
200,000 
270.000 
280,000 
290,000 
300.000 

6^000 
800,000 
810,000 


830,000 
840.000 
860,000 
880,000 
870,000 
880,000 
390,000 
400,000 
410,000 
420,000 
480,000 
440,000 
450,000 
460,000 
470,000 
488,000 


;  Compree- 

PerMoaie       ■**■' 
inoh. 


POttfltff. 


8.870 


IfUh. 

0. 

.0010 
.0080 
.0046 
.0088 
.0086 


.0090 
.0116 
.0150 
.0190 
.0220 
.0280 


.0280 
.0295 
.0820 
.0860 
.0876 
.0406 


.0480 
.0446 
.0480 
.0480 
.0600 
.0680 


.0660 


.0680 
.0802 
.0612 
.0880 
.0840 


.0000 
.0876 
.0092 
.0710 
.0730 
.0760 


.0788 
0786 


.0870 
.0886 


0842 


.1020 
.1060 
.1076 
.1108 
.1168 


.1810 


Set. 


Inch, 


.0080 


.0140 


.0210 


.0260 


.0810 


Bemarks. 


Craok  In  third  coarse. 


Load  releaaed,  bat  no  compreailon  reading 
taken. 


Loagitodtaftl  oraekaftom  end  to  end. 
Boated  under  this  load  5  mlnatea. 


Ultimata  atrength. 
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No.  326. 

12"  Mckpier. 

[Bnilt  of  flfty-cne  ooanes  of  fiw)*  briok,  laid  in  oemeot  mortar.  Composition  of  mortar,  one  part 
Portland  oement,  two  porta  aand.  ATorago  thictnoaa  of  Joints,  A"*  ^^  when  tooted,  twenty-toree 
•ad  a  half  mootha.] 

Total  weight  of  pier,  1,207  poands. 

Weight  per  oabic  foot,  132.2  poands. 

Total  height,  119''.30. 

Sectional  area,  ll'^5  x  1^^6=132.25  sqaare  inches. 

Gauged  length,  IW. 


Applied  loada. 

Comprea- 
•ion. 

Set. 

Bemarka. 

TotaL 

Peraqnare 
in^ 

10,000 

90.000 

80,000 

40,000 

80.000 

10,000 

00,000 

70>  000 

80,000 

00,000 

100,000 

10.000 

110,000 

120^000 

180.000 

140.000 

150,000 

10^000 

100,000 

Poundt. 

IndL 

0. 
.0028 
.0060 
.0008 
.0126 

Inck. 

• 

Craeks  opened  in  lower  end  ooone  of  brieka. 
Craeks  in  firar  oooraeo  at  lower  end. 

Craoks  extend  from  upper  end  throngh 
thirteen  conraeo.  At  lower  end  throngh 
nineooones. 

Ultimate  •tmgth. 

—.0004 

.0184 
.0101 
.0225 
.0801 
.0286 

.0008 

.0888 
.0081 
.0425 
.0470 
.0620 

.0040 

'"*  .oioi"' 

.0660 
.0705 
.0768 
.0848 

170,000 

180,000 

1801 000 

'     200,000 

10^000 
210,000 
220^000 
288,000 
240,000 
250,000 

10,000 
200^000 
270,000 
288,000. 
200,000 

280,000 

.....f ...... 

.0158 

.0048 
.0000 
.1008 
.U85 
.1200 

.0815 

.1428 
.1680 
.1645 
.1856 

............ 

2,258 

This  pier  iS^iled  at  the  ends,  cracks  opening  first  in  the  end  coarses 
and  extending  towards  the  miadle  of  its  length.  The  lower  end  coarse 
began  to  flake  off  at  220,00&  poands,  and  thus  coutinaed  daring  the  re- 
i&auider  of  the  test. 
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Common  Brick  Piers. 

No.  10. 

8"  MckpUr. 

[Baih  ol  B«Tta  ooartea  of  eommton  brlcl:.  ]*td  In  Ume  mortar.  Oompodttoii  of  mortar,  one  pttrt  lioM 
three  perto  eead.    Age  when  taetod.  fifteen  months.] 

Total  weight  of  pier,  78.5  poandft. 
Weight  per  oabic  foot,  135.6  poands. 
Total  height,  16f'M. 

Sectional  area,  V'.Sx^".S=90.S  sqaare  inched. 
Oaaged  length,  16^^48. 


Applied  UmcU. 

Compree- 
•iim. 

Set. 

TotnL 

Peraqnnre 
Inon. 

Pottndf. 

1,OCO 

2.000 

8.000 

4.000 

&.000 

8.000 

7.000 

8,000 

0.000 

10.000 

1.000 

10.000 

12.000 

14,000 

18.000 

18,000 

20.000 

1.000 

22.000 

24.000 

28,000 

28,000 

80^000 

1.000 

82.000 

84.000 

80,000 

88,000 

40,000 

42,000 

44.000 

48,000 

48,000 

80.000 

1,880 

08.000 

84.000 

58,000 

68,000 

SS8S 

84,000 

88,000 
70,000 
72,000 
74,000 
78,000 
78,000 
80,000 
1,000 
82,000 
84»000 
88,000 
88,000 

Pounda. 

0. 

.0080 
.0100 
.0140 
.0170 
.'0200 
.0285 
.0280 
.0270 
.0200 

IndL 

• 

• 

OMk  In  Wb  oolitM  opMita  «4Jieettt  end 

jvtat !  mt^  thtXU  & 
Cnok  in  8d  oonree  oppoeito  nqieoent  end 

Joint.' 

.0210 

.0800 
.0880 

,wto 

.0400 
.0440 
.0470 

.0820 

.0610 
.0540 
.0580 
.0500 
.0085 

.0490 

.0870 
.0880 
.0720 
.0740 
.0705 
.0780 
.0620 
.0845 
.0875 
.0806 

•         ■  • 

"'*VOOB5" 

.0088 

.0070 

.0005 

.1015 

.1040 

.1070 

.1100 

.1120 

.118P 

.1240 

.1200 

.1280 

.1285 

.1840   . 

.1870   < 

, 

.'iooo** 

.1400 
.1470 
.1480 
.1800 
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Applied  londB. 

GomprM- 
■ioiL 

Set 

ToteL 

PwrMvue 

PinnMlf. 

90,000 

«;ooo 

94,000 

88;  000 

08,000 

100,000 

102,000 

104,000 

108^000 

108,000 

110.000 

112,000 

)     114,000 

PlMMMto. 

Inch. 
.1580 
.1550 
.1505 

.1580 
.1980 
.1045 
.1970 
.1080 
.1710 
.1720 
.1770 
.1820 
.1830 
.1860 
.1080 
.2040 

in^ 

• 
Xntimate  strength. 



........... 

****""***"■ 

118L000 

120,000 

180.000 
148,400 

2,440 

rM 


# 


S^ric?i,  JBrzcT^  pier. 
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No.  12}. 

8"  brick  pier. 

[Built  of  tUrty-foor  wmntm  of  oommon  Mel:,  Iftld  In  line  mortar.    Compoeition  of  mortar,  one  pwi 
Ubo^  three  pwta  eeBd.    Age,  wben  teetod,  flfteen  monthe.  ] 

Total  weight  of  pier,  386  poands. 

Weight,  per  cabic  foot,  133.6  poands. 

Total  height,  SCK'.OS. 

Sectional  area,  7^^9x7^^9=62.4  square  inches. 

Pier  cracked  in  transportation. 

Oaaged  length,  8(K^05. 


AppUedloiida. 

I 

■ton. 

Set. 

Defleetlona. 

Benurke. 

Total. 

1 

Periqiiare' 
inch. 

HorisontAL 

Yertloftl. 

Boundt. 
ft,  000 
«,000 

7,000 
8,000 
9,000 

10.000 
ft,  000 

10.000 

Ptftmdff. 

Ineh. 

0. 

.0000 
.0100 
.0800 
.0420 

JLvOwOve 

Intk, 

. 

.0520 

1 

.0445 

.0580 

Snapping  WMUids, 
but  DO  er»cke  in 
■l^t.  ICortarat 
•nrfliee  of  Jolato 
•tartaotr. 

XJltimatoetrenftli. 

12.000 

.0720 
.0010 
.1000 
.1270 
.1400 

1«,000 
10.000 
1S.0OO 
90,000 
ft,  000 

90.100 

.001 

•"••*•"  "I*  • 

.1176 

1,610 
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No.  281. 

12''  brick  puir. 

(Built  of  ten  oonnM  ot  oommon  briol:,  USd  in  lime  morter.    C<unpoaition  of  mortar,  one  put  lin* 
three  iMUte  eand.    A  ge,  when  tested,  eighteen  and  one^half  months. ) 

Total  height,  23"M. 

Sectional  area,  ir^75xir'.75= 138.06  sqaare  inches. 

Ganged  length,  23''.90. 


Applied  loftds. 

Compres- 
sion. 

Set. 

Semnrks. 

Total. 

PersoMre 
inch. 

P<mnd§. 

6,000 

10.000 

15.000 

20,000 

25.000 

5.000 

25.000 

80.000 

84.000 

35,000 

40.000 

45.000 

50,000 

6.000 

50.000 

56,000 

60.000 

05,000 

70,000 

75.000 

6,000 

75,000 

80,000 

85,000 

90,000 

95.000 

100,000 

5.000 

100.000 

105.000 

110,000 

115,000 

120.000 

125,000 

180,000 

185,000 

140,000 

145,000 

150,000 

160,000 

170,000 

180,  OOU 

190,000 

200,000 

296,400 

Poundi, 

0. 

.0052 
.0114 
.0175 
.0237 

Inch, 

Cracking  sonnds. 
Cimcks  in  end  coarse. 

Longitmdinsl  crsoks  generallv  developed 
in  bricks  opposite  Jolnto  In  a^jnoent 
oonrses. 

Ultimate  strength. 

*•** 

.'0175* 

.0252 
.0290 

r 

............ 

.0372 
.0440 
.0600 
.0575 

.0440 

"  .0600* 
.0680 
.0690 
.0750 
.0810 
.0870 

."ooii" 

.0920 
.0970 
.1010 
.1100 
.1190 
.1220 

...... ....A. 

.0922 

.1265 
.1800 
.1325 
.1895 
.1480 
.1625 
.1685 
.1680 
.1720 
.1790 
.1840 
.1910 
.2050 
.2152 
.2260 
.2855 

•  -- •-• 

2,150 
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No.  282. 

12''  hrickpier  with  holhno  center. 

[Built  of  ten  oonnes  of  oommon  brick,  l«id  in  lime  mortar.    Compoaltion  of  mortar,  one  part  lime, 
tuee  parts  aand.    Age  when  tested,  eighteen  and  one-half  m<mths.T 

Total  height,  23''.90. 

Dimensions  of  cross-section,  11^^75  x  11^^90=139.83  square  inches. 
Dimensions  of  hollow  center,  4^^5x4'^5=20.25  square  inches. 
Sectional  area,  119.58  square  inches. 


AppUfMl  loads. 

Bemarka. 

Total. 

1 

Per  square 
inch. 

V/Ompres*          o.^ 

SiMl.         '          ^*- 

Pounda. 

5,000 
10,000 
20,000 
25,000 

6,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
]        5^000 
50.000 

Foundt. 

Inch. 
0. 

Inok. 

Craeking  sounds. 

• 

.0010 
.0102 
.0148 

, 

.0116 

.0165 

.0200 
.0260 
.0205 
.0350 

****** •••••• 

.0305 

.0302 

•     •        • 

.0430 
.0460 

55.000 
60.000 

.0520 
.0580 
.0660 
.0730 

65.000 
70,000 
75.000 

*•••••  ••••• 

. 

5.000 
75.000 
80,000 
85,000 

.0560 

*•.... ...... 

.0772 
.0825 
.0800 
.0080 
.1065 
.1180 

90,000 
05,000 

<     100,000 
5,000 

'     100,000 
U0,000 
120,000 
130.000 
140,000 
150,000 
160,000 
170,000 
180,000 

.0900 

1 

.1200 
.1806 
.1480 
.1646 

1 

Cracks  in  sight  in  Sd,  6th,  and  7th  courses. 

.1800 
.1950 
.2160 
.2260 
.2410 
.2560 
.2755 

• 

Ultimate  strength. 

190,000 

200.000 

1     244.600 

2.060 

1 

•••••••••««• 

8.  Ex.  35- 
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No.  331. 

12"  hrick  pier. 

[Built  of  40  ooanM  of  oommon  briok,  laid  in  lime  mortar.  Compodtioii  of  mortar,  one  part  lima, 
tkree  parts  sand.  Joints  between  13th  and  14th  courses,  and  30th  and  87tii  coorses,  were  broken  In 
transportation.    They  were  n^Joined  with  plaster-of-paria.    Age  when  tested,  twenty^fonr  months.] 

Total  weight  of  pier^  1,234  pounds. 

Weight  x)er  cubic  foot,  131.6  pounds. 

Total  height,  11 7|". 

Sectional  area,  ll".76xir'.75=:138.06  square  inches. 

Average  thickness  of  joints,  ^'\ 

Gauged  length,  100". 


t 

Applied  loads.        • 

1 

Compres- 
sion.      1 

1 

1 

1 

1 
Set. 

Cracks  opened  in  courses 
tered  Joints. 

Ultimate  strength. 

1 
1 

Toul. 

Per  square 
incn. 

1 

t 

Poundi. 

10,000 

20,000 

30,000 

40,000 

50,000 

10,000 

80,000 

70,000 

80,000 

00,000 

100,000 

10,000 

110,000 

120,000 

130,000 

140,000 

164,300 

1 
Poundt, 

Inch, 

0. 

.0084 
.0245 
.0854 
.1560 

Inch, 

■ 

.1218 

.2275 
.3050 
.8010 
.4105 
.4816 

next  the  plas- 

^ 

.3800 

.5410 
.6065 
.0480 
.7140 

1.118 

Failed  by  opening  longitudinal  seams. 

One  of  the  plaster-of-paris  joints  varied  in  thickness  from  ^"  to  %". 
The  brick-work  was  most  injured  in  the  vicinity  of,  and  on  the  side  of, 
the  pier  having  the  closest  joint. 
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No.  330. 

12"  hricik  pier  ufith  hollow  center . 

[Built  of  SO  oonnea  of  common  brick  laid  in  lime  mortar.    Composition  of  mortar,  one  part  lime, 
three  parte  aand.    Average  thickness  of  joints,  i".    Age  when  tested,  twenty-four  months.  J 

Total  weight  of  pier^  1,095  poands. 

Weight  per  cabic  foot,  136  pounds. 

Total  height,  120|''. 

DimengioDB  of  cross-section,  ll'^75xll".75=138.06  square  inches. 

Dimensiops  of  hollow  center,  4'^75x4'^75=22.56  square  inches. 

Sectional  area,  115.5  square  inches. 

Gauged  length,  100"'. 


Applied  loads. 


Total. 


Powfidt. 

10,000 

20,000 

30.000 

40,000 

30.000 

10,000 

60,000 

70.000 

80.000 

10,000 

90,Q|0 

100,000 

10,000 

110,000 

ISO.  000 

130,000 

140,000 

150,000 

160.000 

163^500 

183,300 


Per  sonars 
incn. 


Compres- 
sion. 


Founde. 


1,587 


Ineh. 

0. 

.0100 
.0243 
.0650 
.1120 


.1553 
.2048 
.2456 


.2995 
.3468 


.3980 
.4850 
.4012 
.5865 
.5012 
.6475 
.6770 


Set 


Remarks. 


Ineh. 


.0729 


.1750 


.2548 


Crack  opened  in  15th  oonrse. 


Cracks  very  generally  developed  along  en* 
tire  length. 


Ultimate  strength. 


Seams  opened  from  end  to  end  of  the  pier.    Bricks  partially  crushed 
in  six  courses  near  the  middle,  and  in  the  eighth  course  from  the  end. 
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No.  329. 

« 

92"  brick  pier, 

IBoilt  of  48  coaTBe*  of  common  brick,  laid  in  cement  mortar.    Composition  of  mortar,  one  part  Fort- 
land  cement,  two  jtarts  sand.   ATerage  Ihickneaa  of  Joints,  ^',   Age  when  teated,  twenty-foor  months.] 

Total  weight  of  pier,  1,256  pounds. 

Weight  per  cubic  foot,  J  31  pounds. 

Total  height,  120". 

Sectional  area,  ir'.76xir'.76=138.06  per  square  inch. 

Gauged  length,  100". 


Applied  loads. 

Compres- 
sion. 

1 

1 

TotaL 

Per  square 
inch. 

Set.       1                             Remarks. 

1 

1 

Pcundt. 

10,000 

20,000 

30,000 

40,000 

50,000 

10,000 

60,000 

70,000 

80,000 

90,000 

100,000 

10,000 

110.000 

120,000 

130,000 

140,000 

150.000 

10,000 

160.000 

170,000 

180,  000 

190,000 

Pounds. 

Inch. 

0. 

.0031 
.0067 
.0124 
.0184 

Inch. 

•••••«•«• 

.•••••«•••. .1 

.0020 

.0242 

.0289 

.0338 
.0385 
.0425 

• 



.0066 

••••■• 

.0466 
.0503 

-•••••  ••*••• 

•«.••.       ••• 

.0344 
.0594 
.0642 





...... ... 

.0083 

Cracks  in  sight  at  end  courses. 
Ultimate  strength. 

.0703 
.0760 
.0813 
.0894 
.0982 

••         ••••«••• 

200,000 

10,000 

.0164 

210,000 

.1084 
.1156 
.1239 
.1834 
.1439 

220,000 

230,000 

240,000 

250,000 
10,000 

.0325 

260,000 

"    ' 

.1670 

276,600 

2,008 

Failure  occurred  by  opening  longitudinal  seams,  which  began  at  the 
ends  of  the  pier  and  extended  towards  the  middle. 

Under  the  maximum  load  the  largest  seam  extended  one-third  the 
length  of  the  pier  and  was  open  |^'. 
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No.  328. 

16"  brick  pier, 

[Bailt  of  forty-nine  ooureee  of  common  brick,  laid  in  cement  mortar.  Composition  of  mortar,  one 
part  Portland  cement,  two  parts  sand.  Average  thickness  of  Joints,  i".  Age  when  tested,  twenty- 
four  months.] 

Total  length,  121". 

Sectional  area,  16''x  16^=256  square  inches. 

Gauged  length,  100". 


Applied  loads. 

Compres- 
sion. 

Set. 
Inch. 

Remarks. 

1 
Total. 

Per  square 
inch. 

Pounds. 

Poundt. 

20,000 

40, 000 

60,000 

80,000 

100,000 

20,000 

120,000 

140.000 

160, 000 

180,000 

200,000 

20,000 

40,000 

60,000 

80.000 

100,000 

20,000 

120, 000 

140,000 

160.000 

180.000 

200.000 

20.000 

220,000 

240,000 

260.000 

280,000 

300,000 

20.000 

320, 000 

840, 000 

360,000 

880,000 

400,000 

20,000 

420,000 

440,000 

460.000 

483,100 

Inch. 

0. 

.0024 
.0065 
.0132 
.0190 

Loads  and  readinf^s  repeated  np  to  200,000 
pounds,  on  account  of  probable  errors 
m  the  first  readings. 

Cracks  deyeloped  in  5  courses  at  lower 
end. 

Cracks  developed  in  courses  at  the  upper 
end  of  pier. 

Cracks  now  extend  from  each  end  one- 
third  the  length  of  pier. 

Ultimate  strength. 

.0042 

.0235 
.0278 
.0289 
.0322 
.0351 

.0021 

.0039 
.0074 
.0113 
.0158 

.0021 

.0191 
.0230 
.0271 
.0312 
.0352 

•  •a......        .. 

■••••••"•••* 

"*•■••••••■" 

.0024 

.0394 
.0444 
.0496 
.0553 
.0619 

«*•*•* 

.0067 

'.0687 
.0763 
.0841 
.0928 
.1017 

!"•"■•• •••••• 

............ 

.0164 

.1155 
.1274 
.1427 

1.887 



Failure  occurred  by  the  development  of  longitudinal  seams,  which 
began  at  the  ends  of  the  pier  and  extended  towards  the  middle,  follow- 
ing the  end  joints  of  the  bricks,  3^''  to  4'^  from  the  corners  of  the  pier. 

At  the  lower  end  one  seam  was  opened  along  the  middle  of  one  side, 
extending  through  six  courses,  thence  obliquely  t«  the  end  joints  4f' 
firom  comer  of  pier. 


orb.  3^^ 


T^ 

^^, 

1 

'      I 

'     r 

1/ 

'    / ' 

1/ 

<    f  ■ 

'/• 

1    '  1 

^ 
^ 
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Bat  Statb  Brick  Piers. 
No.  285. 

12"  hrickpier. 

[Built  of  ten  ooanes  of  Bay  (Mate  brick  laid  in  lime  mortar.    Composition  of  mortar,  one  part  lime 
thiee  parte  aand.    Age  when  tested,  eighteen  and  one>half  months.] 

Total  height,  24'MO. 

Sectional  area,  12'M0xl2".10= 146.41  square  inches. 

Ganged  length,  24''.10. 


Applied  loads. 


Total. 


Pimndt. 

5,000 

10.000 

15,000 

30.000 

25.000 

5,000 

25,000 

30,000 

35,000 

40,000 

45,000 

50,000 

5,000 

50.000 

55,000 

60,000 

65,000 

70.000 

75,000 

5.000 

75.000 

80.000 

85.000 

90.000 

05.000 

100,000 

5,000 

100.000 

UO.OOO 

120.000 

130.000 

140,000 

150,000 

160.000 

170,000 

180.000 

190,000 

300.000 

201,000 


Persanare 
incn. 


Pounds. 


Compres- 
sion. 


Ineh. 

0. 

.0060 
.0114 
.0170 
.0230 


1.870 


.0235 
.0278 
.0325 
.0370 
.0410 
.0470 


.0400 
.0520 
.0565 
.0610 
.0642 
.0705 


.0730 
.0760 
.0800 
.0840 
.0800 
.0050 


.1020 

.1040 

.1120    i 

.1240 

.1370 

.1540 

.1655 

.1780 

.1060 

.2145 

.2480 


Set. 


Ineh. 


.0140 


.0300 


.0460 


.0620 


I 


Bemarka. 


Snapping  sonnds.    No  onusks  in  sight. 


One  brick  in  end  course  begins  to  oraok. 


Bested  nnder  this  load  10  minatea. 


Ultimate  strength. 


V 
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No.  288. 

« 

12"  brick  pier, 

[Built  of  thirty  eoanes  of  Bay  State  brick  laid  in  lime  mortar.    Composition  of  mortar,  one  part 
lime,  three  parte  sand.    Average  thickness  of  Joints,  ^".    Age  when  tested,  nineteen  and  a  naif 
ithfl.] 


Total  height,  72".5. 

Sectional  area,  12^^x12^' =144  sqaare  inches. 

Ganged  length,  50'^ 


Applied  loads. 

Compres- 
sion. 

Set 

Remarks. 

Total. 

Per  sonare 
in  en. 

10,000 
20,000 
30,000 
40.000 

Poundi. 

Inch, 
0. 

.0095 
.0230 
.0366 
.0616 

Inch. 

50,000 

••■**• •*■«■• 

Snapping  sounds. 

Craok  in  third  coarse  of  bricks. 
Cracks  in  sight  in  two  other  courses. 

Sadden    yielding.     Micrometer  removed. 

Kamerons  lonntadinal  cracks  opened. 
Ultimate  strength. 

10,000 

.0347 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

10,000 

100.000 

U0,000 

117,000 

163,200 

.0536 
.0664 
.0826 
.0990 
.1150 
.1810 

.0928 

.1872 
.  1520 
.1617 

*  «  ^m «»•••«•« 

1«138 

There  was  a  gradual  development  of  longitudinal  cracks  in  the  brick 
work  after  those  first  observed,  as  the  pressure  was  increased,  accom- 
Ittnied  by  frequent  snapping  sounds. 

The  longitudinal  seams  opened  widest  along  the  middle  of  the  pier, 
the  sides  slightly  swelling  in  each  of  the  four  directions. 

Under  the  maximum  load  hardly  a  brick  escaped  fracture  by  splitting 
into  h^ves ;  fractures  occurring  opposite  the  joints  of  adjacent  courses. 


106       TESTS    OF   IRON   AND    STEEL   AND    OTHER   MATERIALS. 


No.  289. 

12"  hrick  pier, 

(Showing  the  effect  of  repeated  loadinx.    BaQt  of  thirty  coaraes  of  Bay  State  hriek,  laid  in  lime 
mortar.    Composition  of  mortar,  one  part  lime,  three  parts  sand.    Average  thickness  of  Joints,  A 
Age  when  tested,  nineteen  and  one-half  montht.  1 


tt 


Total  weight  of  pier,  728  pounds. 
Weight  per  cubic  foot,  119.7  pounds. 
Total  height,  73'^ 

Sectional  area,  12"xl2''=144  square  inches. 
Gauged  length,  SC'. 


Applied  loads. 


Total. 


Compres- 

Personare        •^®°- 
inch. 


Set. 


Remarks. 


Pound*. 
10,600 
20,000 


Pound*. 


10.000 


20,000 
30,000 


10,000 


20,000 
30,000 
40,000 


10,000 


20.000 
30,000 
40,000 
50,000 


10,000 


20.000 
30,000 
40, 000 
50.000 
60,000 


10,000 


20,000 
30,000 
40,000 
50,000 
60,000 
70,000 


10,000 
10.000 
20,000 
30,000 
40.000 
60.000 
60,000 
70,000 
80,000 


10,000 


20,000 
30,000 
40,000 
50,050 
60,000 


Inch. 

0. 

.0103 
.0100 


Inch. 


.0065 
.0066 


.0114 
.0230 
.0245 


.0204 
.0248 
.0362 
.0382 


.0148 
.0140  , 


.0237 
.0236 


.0291 
.0340 
.0390 
.0604 
.0527 


.0328 
.0327  ' 


.0389 
.0430 
.04*7 
.0535 
.0642 
.0675 


After  sustaining  load  five  minnt«s. 
Do. 

Do. 
Do. 

*  Do. 
Do. 

Do. 
Do. 


.0427 
.0425 


.0485 
.0541 
.0591 
.0635 
.0684 
.0790 
.0834 


Snapping  sounds  heard. 

After  sustaining  load  fire  minutes. 

Do. 


.0540 
.0536 


.0603 
.  0660 
.0710 
.0756 
.0797 
.0843 
.0955 
.0994 


Do. 
Do. 


.0653 
.0649 


Do. 
Do. 


.0714 
.0774 
.0824 
.0877 
.0920 


.0646    I  After  sustaining  load  sixtj-flre  minutes. 
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Applied  loftds 


ToUL 


Poundff. 
70.000 
W,000 
90,000 


Compres- 
sion. 


Set 


Hemftrks. 


10,000 


20,000 
30.000 
40,000 
50,000 
00,000 
70,000 

n,ooo 

M.000 
100,000 


10,000 


20,000 
30.000 
40.000 
50,000 
00.000 
70.000 
80.000 
00. 000 
100.000 
110,000 


10.000 


20,000 

30.000 

40.000 

50,000 

00,000 

70,000 

M,000 

90,000 

100;  000 

110,000 

120,000 


10.000 


20,000 

30,000 

40.000 

50.000 

00.000 

70,000 

80.000 

90,000 

100,000 

110.000 

120,000 

180,000 


10,000   . 

'  niioo"'!' 


1,210 


Inch. 
.0058 
.1007 
.1105 
.1162 


Inch, 


.0972 
.1036 
.1004 
.1145 
.1192 
.1232 
.1268 
.1310 
.1364 
.1460 
.1518 


.1105 
.1174 
.1233 
.1284 
.1329 
.1374 
.1412 
.1453 
.1493 
.1551 
.1673 
.1718 


.1262 
.1328 
.1890 
.1442 
.1489 
.1532 
.1674 
.1614 
.1658 
.1699 
.1748 
.1872 
.1908 


.0935 

.0888 

.0951 

.1003 

.1050 

.1088 

.1130 

.1180 

.1305f 

.1334 


.0773 
.0769 
.0767 
.0766 


After  sastsinlng  lo«d  flye  minates. 

Do. 
After  sustsining  load  fifteen  minntes. 
Aft«r  sQstaining  losd  twenty-flye  minutes. 


.0908 
.0902 


.1041 
.1083 


Crsok  in  fourteenth  oourse  of  bricks. 
After  sustaining  load  fire  minutes. 


Do. 
Do. 


.1196 
.1191 


Cracks  In  sigbt  in  thirteen  courses. 
Aft«r  sustaining  load  flye  minutes. 

Do. 


.1846 
.1337 


Do. 


Ultimate  strength. 


Failed  by  opening  longitadinal  seams. 

When  the  test  was  discontinued,  the  pressure  sustained  was  about 
160,000  iioundSy  the  widest  seam  being  open  i"  at  the  middle  of  the  pier. 


<J)rb.  A93! 

m 

7^  ZTtch^  ^T'ic/C/ pier . 


^^^^ 


a, 


f- 


t^ 


a/ 


^ 


f 


XL 


ft/ 
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No.  291. 

12"  hriokpier. 

[Bsilt  of  thirty  coanet  of  Bay  State  brick,  laid  in  lime  mortar.    CompositioB  of  mortar,  one  part 
lime  and  three  parta  aand.    Joints  broken  every  aiz  ooarsea.    Age  when  tested,  twenty  months.] 

Average  thickness  of  joints,  ^*<f'^ 

Total  weight  of  pier,  712  pounds. 

Weight  per  cubic  foot,  118.2  pounds. 

Total  height,  72''.25. 

Sectional  area,  12^^  x  12^'  =  144  square  inches. 

Ganged  length  (fifth  to  twenty-sixth  courses,  inclusive),  50'^ 


Applied  loads. 

Compres* 
sion. 

IneK 
0. 
.0065 

Remarks. 

! 

;     TotaL 

1 

Persqnare 
inon. 

Set 

Pnmdt. 
10,000 

Pounds. 

IjMh, 

Snapping  sounds. 

Craok  opened  in  the  eighteenth  course  op- 
posite the  Joint  of  the  seventeenth  oonrse, 
crack  also  opened  in  the  twenty-nintit 
oonrse. 

Cracks  senerally  started  onposite  joints  as 
iudicatod  by  letters  a  on  the  sketch.  The 
mortar  of  the  Joints  showing  slight  longi- 
tudinal openings. 

B  r  i  0  k  8  in   thirteenth   and   seventeenth 

courses  flake  off  at  sides. 
Ultimate  strength. 

•       20.000 
1       30.000 

.0002 

............ 

40,000 

.0216 
•     .0352 
.0404 
.0625 
.07H5 

•-......»••. 

50.000 

00,000 

...... ...... 

...... ...... 

70,000 

80.000 

90,000 

.0035 

............ 

100,000 

.1107 

10,000 

.0744 

100.000 

I 

.1164  ' 

110,000 

.1266 
.1446 
.1614 
.1805 
.1953 

120,000 
130,000 



1     140,000 

150,000 

1  331 

191,600 

I 

The  pier  yielded  rapidly  under  the  pressure  of  186,400  pounds,  the 
load  falling  to  184,000  pounds.  It  then  recovered,  and  the  pressure 
^as  gradually  increased  to  the  maximum  191,600  pounds. 

Failure  occurred  by  opening  longitudinal  seams  in  continuation  of 
the  end  joints  of  the  bricks. 


J^  zncTi/  ^ric^  pie  t*. 


y-J^ — ^^ 

s. 

V      ^              s 

*s_                 ^ 

V         V.                      ^ 

-Yi> 

p<[ 

>[ 

-Iri> 

px! 

"  iT> 

xir 

p<[ 

ljt> 

/HJ^ 

vTi> 

pl[ 

Jhv 

xjr 

1Ti> 

HJJ^ 
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:So.  292. 

12"  brick  pier. 

[Bailt  of  nineteen  coanee  of  Bay  State  brioke,  Iftid  on  edge  in  lime  mortar.    Composition  of  mortar, 
QM  part  lime,  three  parta  aand.    Average  thickness  of  joints,  ^".    Age  when  testea,  twenty  months.] 

Total  weight  of  pier,  780  pounds. 

Weight  per  cable  toot,  118.1  pounds. 

Total  height,  73''. 

Sectional  area,  12''.5  x  12''.5= 156.25  square  inches. 

Gauged  length,  50^'. 


Applied 


Total. 


P9und§. 

10.000 

ao.000 

30,000 

40,000 

S0.0O0 

10,000 

50.000 

60,000 

70,000 

80,000 

90,000 

100,000 

10,000 

100.000 

110.000 

130.000 

130,000 

140,000 

180,900 


Per  square 
ineh. 


Ptnmdt. 


Compres- 
sion. 


1,211 


Ineh. 

0. 

.0032 
.0100 
.0108 
.0281 


.0291 
.0309 
.0450 
.0548 
.0680 
.0726 


Set 


Remarks. 


Ineh. 


.0143 


.0402 


.0762 

,0828  ' Longitudinal  seams  opened  in  three  oonrses 

.0017  near  middle  of  pier. 

.1018  i Comer  hrick  in  third  coarse  flakes  oflf. 

.1114 


Ultimate  strength. 


Opened  longitudinal  seams.    Bricks  in  three  courses  near  middle  of 
pier,  partially  crushed. 
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No.  325. 

12''  brick  pier. 

[Built  of  thirty -nine  coarses  of  Bav  State  brick,  laid  in  lime  mortar.  CoinpoBition  of  mortar,  one  part 
lime,  three  parts  sand.  Average  thicknesa  of  Joints,  A".  Age  when  tested,  twenty-three  and  one-half 
months.] 


Total  weight  of  pier,  945  pounds. 
Weight  per  cubic  foot,  120.3  pounds. 
Total  height,  9i".25. 

Sectional  area,  12''x  12''=144  square  inches. 
Gauged  length,  80'^ 


Applied  loads. 


Total. 


Pound*. 

10,000 

20.000 

30,000 

40,000 

60,000 

10,000 

60.000 

70,000 

80,000 

90,000 

100,000 

10,000 

110, 000 

120,000 

130,000 

140. 000 

150,000 

169,100 


Per  square 
incn. 


Compres- 
sion. 


Poundt. 


1,174 


Inch. 

0. 

.0074 
.0194 
.0407 
.0600 


.0822 
.1045 
.1268 
.1507 
.1748 


.2049 
.2312 
.2550 
.2010 


Set. 


Remarks. 


Inch. 


.0300 


.1061 


Cracks  opened  in  three  coarses  near  the 
mfddle  of  the  pier. 


Pier  covered  with  canras. 
Ultimate  strength. 


At  150,000  pounds  pressure  longitudinal  seams  were  developed  the 
entire  length  of  the  pier. 

After  passing  the  maximum  load  the  pressure  was  continued,  while 
the  load  gradually  fell  to  140,000  pounds,  when  the  test  was  discon- 
tinued. 

Seams  were  opened  along  each  face  of  the  pier,  separating  it  into  a 
clustered  column,  composed  of  half  bricks. 
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No.  327. 

12''  brick  pier. 

[Built  of  forty-niiie  ooarses  of  Bay  State  bricks  laid  in  lime  mortar.  Composition  of  mortar,  one  part 
lime,  three  parte  sand.  Average  thickness  of  Joints,  ^"-  Age  when  tested,  twenty-three  ana  one-half 
months.] 


Total  weight  of  pier,  1,177  pounds. 
Weigbt  per  cabic  foot,  118  pounds. 
Total  height,  119''.60. 

Sectional  area,  12''x  12^=144  square  inches. 
Gauged  length,  100". 


Applied  loads. 


-,  Compres-  ' 


TotaL      I 


Pounds. 
10,000 
20,000 
30,000 
40,000 
50,000 
10.000 

eo.ooo 

70,000 

80.000 

90.000 

100,000 

10.000 

110. 000 

120.000 

130,000 

133,100 


Per  sqaare 


soni 

IGIl. 


inc 


Pounds. 


sion. 


Inch. 

0. 

.0090 
■  0180 
.0428 
.0758 


Set. 


Remarks. 


.1117    ' 

.1493 

.1870 


Inch. 


0382    I 


.2710 

.1815 

.3130 
.3705 
.4160 

* '  * " 

924 

CrackA  opened  in  ooarses  near  the  middle 
of  the  pier. 


Ultimate  strength. 


Failed  by  the  partial  crushing  of  bricks  near  the  middle  of  the  pier 
on  the  under  side,  causing  upward  deflection  at  the  middle. 

Eongitudinal  seams  were  gradually  opened  by  pressures  above  90,000 
pounds  until  they  extended  from  end  to  end,  when  the  maximum  load 
was  reached.  Pressure  was  continued,  opening  the  longitudinal  seams 
i''  in  width,  the  load  which  the  pier  was  capable  of  sustaining  falling 
to  125,000  pounds,  when  the  test  was  discontinued. 


S.  Ex.  35- 


-8 


6  ig/JZ^  zn>c?i/  JBr^tc^  pier^. 


3: 


I: 
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No.  336. 

8"  X 12"  Jrriek  pier. 

[Baflt  of  forty-nine  oonnea  of  Bay  Btat«  briok,  laid  in  llmfi  mortar.  Composition  of  mortar,  one 
put  lime,  three  parte  sand.  Average  tbioknees  of  Joints,  i".  Jointe  between  the  11th  and  12tli, 
the  21st  and  22nd,  the  27th  and  28th.  the  33rd  and  34th,  and  the  40th  and  4l8t  courses  were  broken  in 
tnasportation.  The  first  three  were  n^oined  with  lime  mortar  and  the  last  two  wilh  plMter  of  paria. 
The  pier  was  tested  when  the  rejoined  conrses  had  stood  one  day.    Age  when  tested,  24  months.) 


Total  weight  of  pier,  719  pounds. 
Weight  per  cubic  foot,  107  pounds. 
Total  height,  1203". 

Sectional  area,  8^x12^=96  square  inches. 
Gauged  length,  IW. 


Applied  loads. 


Total. 


Peundi. 
10,000 
15,000 
20.000 
25.000 
10,000 
30.000 
35,000 
40,000 
45,000 
50,000 
10.000 
55^000 
00,000 
65,000 
70,000 
75.000 
80,010 
00,200 


Per  square 
incn. 


Compres> 
aion. 


Poundt. 


040 


Inchei. 
0. 

.0058 
.0106 
.0445 


.0810 
.1081 
.1414 
.1876 
.2100 


.2568 
.2050 
.8200 
.8756 
.4127 
.4505 


Set 


JnehM. 


Remarks. 


.0278 


.1655 


Cracks  opened  in  22d  and  24th  conrses. 

Fnrther  development  of  cracks  in  the 
Ticinity  of  conrses  that  were  rejoined 
with  lime  mortar. 

Cracks  opened  in  the  88d,  84th,  aod  35th 
courses. 


Ultimate  strength. 


Failure  occurred  by  partially  crushing  the  bricks  Of  the  courses  that 
had  been  rejoined  with  lime  mortar  and  by  opening  longitudinal  seams. 

The  end  having  the  courses  that  were  r^oined  with  plaster  of  paris 
was  less  injured. 


J^ 


*J^.t33^ 


TT 


& 


^ 


+  - 
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No.  333. 

12"  xl&'hiek  pier. 

[Built  of  forty-nine  coursM  of  Bay  State  brick,  laid  in  lime  mortar.  Composition  of  mortar,  one 
piiit  lime,  three  parte  sand.  Average  thickness  of  joints,  ^'.  Joints  between  19th  and  20th,  and  88d 
and  34th  ooorses  w«^re  broken  in  teansportation.  They  were  rejoined  with  plaster  of  paris.  Age 
when  tested,  twenty-fonr  months.] 


Total  weight  of  pier,  1,590  pounds. 
Weight  per  cubic  foot,  118.7  pounds. 
Total  height,  120J'^ 

Bectional  area,  12''xlC=192  square  inches. 
Gauged  length,  JOO'^ 


Applied  loads. 


Total. 


Pound*. 

20,000 

30,000 

40,000 

50,000 

20,000 

00,000 

70,000 

80.000 

90,000 

100,000 

20.000 

110.000 

120,000 

130.000 

140,000 

148,500 


Per  sanare 
incn. 


Compree- 
sion. 


Pounds. 


Inehet. 
0. 

.0054 
.0225 
.0621 


.0082 
.1374 
.1824 
.2298 
.2720 


773 


.8178 
.8500 
.4084 
.4982 


Set 


Inehsg. 


0440 


2184 


Remarks. 


Cracks  opened  in  81st  to  36th  courses, 

induRive. 
Cracks  generally  developed   along   the 

middle  of  the  pier  on  one  16"  fiftoe. 


Ultimate  strength. 


Failed  by  crushing  the  bricks  in  the  19th,  20th,  33d,  and  34th  courses, 
ftQd  opening  longitudinal  seams  along  the  middle  part  of  the  pier. 

The  first  indications  of  failure  occurred  in  the  vicinity  of  the  plaster- 
of-paris  joints. 

Under  100,000  pounds  pressure  the  cracks  were  chiefly  developed  on 
one  of  the  16"  faces.  At  this  time  only  two  cracks  were  in  sight  on  the 
other  16'^  face.  One  12'^  face  had  one  crack,  and  the  other  had  none. 
Kear  the  close  of  the  test  the  cracks  became  general  on  all  faces. 

The  test  was  discontinued  when  the  sustaining  power  of  the  pier  was 
^nced  to  135,000  pounds,  when  seams  i  inch  in  width  were  opened, 
and  the  length  of  pier  shortened  ''.6. 


118       TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


No.  301. 

12"  briek  pier. 

» 

[Bvilt  of  thirty  connet  of  Bay  State  brick,  laid  in  a  mortar,  oompoaed  of  two  parta  lime  mortar,  one 
VMt  Soaendale  cement.  The  composition  of  lime  mortar,  one  part  lime,  three  puts  tand.  ATerage 
thicknesa  of  joints,  A"*    ^S^  when  tested,  twenty  and  a  half  months.] 


Total  weight  of  pier,  740  poands. 

Weight  per  cabic  foot,  120.6  poands. 

Total  height  73|'^ 

Sectional  area,  12''xl2''=144  square  inches. 

Ganged  length,  50^^ 


Applied  loads. 

1 

Compres- 
sion. 

Set. 

Remarks. 

TotaL 

Per  sonare 
incn. 

Poundt, 
10,000 
20.000 
80,000 
40,000 

Pounds. 

Inehet. 
0. 

.0016 
.0044 
.0077 
.0120 

Inehti. 

Craoks  opened  in  Sd,  6th,  6th,  and  8tli 
oonrses  ttom  north  end ;  also  in  8d  and 
5th  oonrses  ttom  the  south  end  of  pier. 

Ultimate  strengtlL 





50,000 

...... ...... 

10,000 

0.0027 

60,000 

70,000 

80,000 

90.000 

100,000 

10,000 

100,000 

110.000 

120,000 

180,000 

140,000 

150,000 

10,000 

150,000 

100,000 

170,000 

180,000 

287,000 

.0189 
.0242 
.0806 
.0367 
.0428 



.0120 

.0447 
.0501 
.0572  • 

.0637 
.  0705 

.0780 

.0284 



.0820 
.0880 
.0971 
.1043 

1,640 

Pier  failed  by  opening  longitudinal  seams. 
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No.  293, 
12"  hriok  pier. 

[Built  of  thirty  oonnes  of  Bay  State  brick  laid  in  mortar,  oompoaed  oQ^onofpart  BoMndale  dement^ 
two  parts  sand.    Arerage  thionioM  of  Jointa,  ^".    Age  when  teeted,  twentytmonths.] 


Total  weight  of  pier,  740  poands. 

Weight  per  cubic  foot,  123  pounds. 

Total  height,  72i". 

Sectional  area,  12^^x12^^=144  square  inches. 

Gauged  length,  5(K^ 


Applied  loada. 


x,t-.   '^%X" 


Compres- 
sion. 


Pounds. 
10.000 
20,000 
30,000 
40,000 
50,000 
10,000 
50,000 
00,000 
70,000 
80,000 
90,000 

100,000 
10,000 

100.000 

no,  000 

120,000 
130,000 
140.000 
150,000 

10,000 
150.000 
160,000 
170.000 
180,000 
100,000 
200.000 

10.000 
300,000 
210,000 
220.000 
230.000 
240,000 
250.000 

10,000 
250.000 
2«D,000 


270,000    ' 
284,000 


PoumU. 


1.072 


InchsB. 
Ol 

.0014 
.0086 
.0058 
.0086 


.0001 
.0116 
.0149 
.0182 
.0216 
.0240 


.0254 
.0270 
.0313 
.0853 
.0880 
.0431 


.0443 
.0476 
.6515 
.0566 
.0621 
.0677 


.0604 
.0786 
.0788 
.0846 
.0918 
.0068 


.1018 
.1075 


.1167 


Set. 


Bemarks. 


Indus, 


.0014 


.0050 


.0096 


.0185 


.0807 


Snapping  sounds,  bat  no  cracks  in  sight. 


Longitudinal  seams  opened  in  7th  and 
lOui  oonrses  from  the  north  end.  Cor- 
ner of  2d  course  flrom  south  end  flakes. 

Seams  opened  in  8d  to  7th  courses  inclu- 
sive, north  end. 

Ultimate  strength. 


The  pressure  gradually  fell  from  the  highest  load  to  240,000  pounds, 
when  the  test  was  discontinued. 

The  pier  was  most  seriously  injured  from  the  middle  towards  the 
north  end.  Bricks  in  the  5th,  7th,  and  11th  courses  were  partially 
crashed. 
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No.  300. 

12^^  brick  pier, 

[Bnilt  of  thirty  oonrsM  of  Bay  State  brlok,  laid  in  a  mortar  composed  of  two  parts  lime  mortar,  one 
part  Portland  cement.  The  composition  of  the  lime  mortar,  one  part  lime,  three  parts  sand.  Arerage 
thickness  of  Joints,  ^".    Age  when  tested,  twenty  and  a  half  months.] 


Total  weight  of  pier,  736  poands. 
Weight  per  cubic  foot,  120.3  pounds. 
Total  height,  73|''. 

Sectional  area,  12x12=144  square  inches. 
Gauged  length,  50''. 


Applied  loads. 


Total. 


Poundt. 

10,000 

20,000 

30,000 

40.000 

50,000 

10,000 

60,000 

70,000 

80,000 

90.000 

100,000 

10,000 

110,000 

120,000 

130,000 

140.000 

150,000 

10,000 

150,000 

160,000 

170,000 

180,000 

190,000 

203,200 
170,000 


Per  sanare 
incn. 


Poundi. 


Compres* 
sion. 


Inchet. 
0. 

.0011 
.0045 
.0089 
.0148 


.0203 
.0257 
.0312 
.0373 
.0425 


.0495 
.0542 
.0604 
.0660 
.0726 


Set. 


Inchet. 


Bemarks. 


.0031 


.0128 


Cracks  opened  in  3d  coarse  fh>m  north 
end ;  also  in  two  courses  near  middle  of 


1,411 


.0262 

.  0757    I pier. 

.0813    ' 

.0875     '• 

.0950    , 

.1013    I Longitnd  inal  seams  generally  developed 

near  each  end  of  pier. 

; Ultimate  stren^h. 

Load  on  pier  when  test  was  discontinued. 


Longitudinal  seams,  having  a  maximum  width  of  §''  at  the  middle  of 
the  pier,  opened  from  end  to  end,  separating  it  into  a  clustered  pier 
composed  of  nine  piers  of  half  bricks. 
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No.  294. 

W  bnck  pier. 

[Built  of  twunty-nijie  ooanes  of  Bay  State  brick,  laid  in  mortar  compoaed  of  one  part  Portland  cement, 
two  parts  sand.    ATerage  thick neae  of  jointa^  ^".    Age  irhen  teated,  twenty  montha.] 


Total  weight  of  pier,  724  pounds. 
Weight  per  cabic  foot,  119.7  pounds. 
Total  height,  72".6. 

Sectional  area,  12x12=144  square  inches. 
Gauged  length,  50". 


Applied  loada. 

aqiu 
aon. 


TotaL 


Peraqnare 
inol 


Comprea- 
alon.       ' 


Pounds. 
10.000 
20.000 
30,000 
40.000 
50.000 

lo,oo(^ 

50,000 

60.000 

70,000 

80,000 

90,000 

100.000 

10.000 

100.000 

110.000 

1!»0.  ono 

i;fu,Ouu 
140.000 
150,000 

10, 000 
150,000 
180,000 
170. 000 
180.000 
190,000 
200,000 

10,000 
200,000 
210,000 
220,000 
230,000 
240,000 

256.000 
140,000 


Pound*. 

Inehet. 
0. 

.0009 

.0026 

.0049 
.0071 



.0076 

.0102 

1 

.0134 

1,792 


0169 
.0206 
.0247 


.0256 
.0284 
.0324 
.0357 
.0404 
.0448 


.0469 
.0504 
.0545 
.0500 
.0639 
.0700 


Set. 


Bemarka. 


Inches. 


0004 


.0040 


.0103 


.0200 


.0724 
.0768  ' 
.0821 
.0882 
.0932 


Sharp,  anapping  aounda;   no  craoka  in 
alght. 


LoDgitadiual  aeama  opened  in  2d,  4th,  and 

6th  conraea  from  aonth  end. 
Oeneral  development  of  aeama  at  aonth 

end  of  pier. 
Ultimate  atren^th. 
Load  auatained  when  teat  wy  diacon* 

tinned. 


The  south  end  of  the  pier  was  most  injured  by  the  test.  Seams 
opened  on  each  face,  following  the  end  joints  of  the  bricks,  half  the 
kugth  of  the  pier,  then  taking  oblique  direction  to  the  corners  of  the 

pier. 
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No.  290. 

12"  hriok  pier, 

jBallt  of  thirty  ooanes  of  Bay  State  briolc,  laid  in  clear  Portland  cement    Ayerage  thickneaa  of 
Joints,  ^".    Age  when  tested,  nineteen  and  one-half  months.] 

Total  weight  of  pier,  760  pounds. 
Weight  per  cabic  foot,  126.6  pounds. 
Total  height,  72". 

Sectional  area,  12"  x  12^=144  square  inches. 
Ganged  length,  50". 


Applied  loads. 

Compres- 
sion. 

• 

Total 

Per  square 
incn. 

Poundt. 

Set. 

Bemarks. 

Pottnd*. 

10,000 

20,000 

80,000 

40,000 

50,000 

60,000 

70,000 

80.000 

90.000 

100,000 

10,000 

100.000 

110,000 

120,000 

180,000 

140,000 

150,000 

160,000 

170,000 

180.000 

190,000 

200,000 

10.000 

Ineh. 

0. 

.0000 
.0015 
.0037 

Inch, 



m 

Cracks  opened  in  eleyenth  and  lliteonth 
courses.    Snd  course  hegins  to  flake. 

Seam  opened  tiironsh  seren  courses  aiong 

the  middle  of  the  nelght  of  the  pier. 
Ultimate  strength. 

1 



.0060 
.0085 
.0112 

•••••■*••••" 

•.•••••.... 

.0140 
.0166 
.0192 





............ 

--.0005 

.0192 
.0217 
.0238 
.0260 

.0288 
.0317 

.0852 
.0380 
.0412 
.0441 
.0477 



.0054 

200,000 
210, 000 
220.000 
230,000 
240,000 
250,000 
260.000 
270,000 
280,000 
200.000 
800,000 
10,000 
800,000 

842,000 

.0405 
.0521 
.0548 
.0677 
.0607 
.0641 
.0680 
.0710 

.0743 

.0790 
.0851 

.0188 

.0875 

2,876 

■  •••••  •••«•• 

Load  sustained  when  test  was  discontinued,  300,000  pounds. 

Longitudinal  seams  opened. 

Bricks  in  the  2d,  3d,  4tb,  5th,  and  8th  courses  were  crushed;  those  of 
the  other  courses  were  split  into  halves  generally,  the  fragments  of 
which  were  apparently  as  hard  as  before  the  test. 


DIAGRAMS 


SHOWING  THE 


COMPRESSION  OF  MORTAR  CUBES 

AND  BRICK  PIERS. 


123 


2 


3 


4 


i 
I 

1 
I 


I 


^4- 
■   I 

-4- 


H 


^ 


-J 


u 


V      • 


TT 


■i: 


^ 


X 


-t 

5 


6 


\ 


i 

•^ 


Id 

K 

ZmA 
lot 


9 


44 


^: 


^-H 


£^ 


^0 


^-1 


10 


11 


S—COHPBESSIOH  OF  CUBES  AHS  PSISMS  OF  CEHEHT,  HOSTABS, 

AHD  COHCBETES. 

(Specimens  famished  by  Q.  A.  Oillmore,  Lientexiant-Colonel  Engineer  Corps,  U.  S.  Army.  J 

COHPRESSIOX  OF  CUBES  AND  PRISMS  MADE  OF  DTCKERHOFF*S  PORT- 
LAND CEMENT,  NEWARK  COMPANY'S  ROSENDALE  CEMENT,  NORTON'S 
CEMENT,  NATIONAL  PORTLAND  CEMENT,  ALSO  HAVERSTRAW  FREE- 
STONE, KAN  A  WHA  STONE,  AND  BRICK  PIERS, 

DyckerhofTs  Portland  cement  was  tested  in  neat  cement  cubes  and 
prisms,  in  sizes  from  V^  to  12'^ 

The  other  brands  of  cements  were  tested  in  mortar  and  concrete  cubes, 
in  sizes  from  2''  to  18". 

The  Haverstraw  freestone  cubes  and  prisms  ranged  from  1"  to  12". 

There  were  three  2^^  cubes  of  Kanawha  stone,  and  six  12"  brick  piers 
2'  high. 

The  preparation  of  the  cement,  mortar,  and  concrete  blocks  is  thus 
described  by  J.  L.  Suess,  assistant  engineer,  to  Colonel  Gillmore: 

The  concrete  blocks  were  wade  by  first  mixing  a  stiff  mortar  of  tbe* requisite  pro- 
portions of  cement  and  sand,  and  adding  the  broken  stone  of  nut  size,  and  the  gravel, 
oaving  if  needed  dampened  tbem  by  sprinkling,  using  as  little  water  as  possible. 
The  quantity  mixed  at  a  time  was  about  sufficient  to  fill  one  of  tbe  largest  molds,  or 
about  2i  cubic  feet. 

For  the  mortar  blocks  tbe  material  was  made  as  dry  as  possible  and  in  volume  suffi- 
cient to  fill  two  of  tbe  largest  molds — say  about  4  cubic  feet.  For  the  smaller  blocks 
less  material  was  prepared  at  a  time,  tbere  not  being  a  sufficient  number  of  molds. 

The  molds  were  pine  boxes  without  top  or  bottom,  grooved  together  at  the  ends, 
and  secured  by  bolts  passing  through  the  sides  beyond  the  ends.  The  bottom  was 
formed  by  placing  the  mold  upon  a  sniooth  bluestone  fiag;  the  same,  as  well  as  the 
inside  of  the  box,  had  been  previously  well  greased  to  prevent  adhesion. 

Th(i  ramming  was  done  with  an  iron  rammer  weighing  about  8  pounds.  It  had  a 
conical  point,  and  was  about  2'  long  and  1"  in  diameter.  For  the  smaller  blocks  a 
lighter  rammer  was  used. 

The  blocks  were  removed  from  the  molds  as  soon  as  practicable ;  the  small  ones 
almost  immediately  and  the  largest  within  twelve  hours.  They  were  buried  in  sand 
as  soon  as  taken  from  the  mold  as  a  precaution  against  frost,  the  weather  being  very 
severe.    (January,  1880,  and  January,  1882.) 

The  Dyckerhoii' cement  blocks  were  treated  the  same  as  the  others,  with  the  excep- 
tion that  they  were  tamped  in  filling  the  blocks.  The  hammer  used  for  this  purpose 
weighed  about  four  pounds,  and  the  follower  was  a  small  piece  of  hard  wood. 

MANNER  OF  TESTING. 

The  testing  was  done  between  flat  steel  platforms.  In  some  cases 
the  teats  were  made  with  the  bed  surfaces  of  the  specimens  in  tbe  con- 
dition they  were  received  at  the  arsenal,  which  were  good  bearing  sur- 
faces, although  not  true  planes.  In  other  cases  pine  cushions  were 
employed  to  efl'ect  a  more  even  distribution  of  the  loads,  or  a  facing  of 
plaster-of-paris  was  used.  The  latter  method  of  truing  the  bed  surfaces 
proved,  on  the  whole,  the  most  satisfactory. 

The  thickness  of  plaster  recorded  in  the  tabulation  and  details  of  the 
tests  is  the  total  thickness  of  plaster  on  both  compressed  surfaces,  or 
the  difference  in  height  before  and  after  facing. 
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Gompression  measarements  were  taken  of  cubes  8  inches  and  larger 
when  faced  with  plaster-of-paris,  measuring  from  face  to  face  of  the 
compression  platforms. 

Some  of  the  neat  cement  prisms  and  Haverstraw  fi^estone  cabes 
possessed  a  strength,  when  taken  singly,  in  excess  of  the  capacity  of 
the  testing-machine ;  these  were  crushed  in  the  form  of  piers. 


CRUSHING  STEENOTH  OF  NEAT  CEMENT  CUBES  AND  PRISMS, 
[Dyckerhoff's  Portland  cement,  Ani5nebnrg  on  the  Rhine,  Oennany.] 

The  age  of  the  cement  when  tested  was  about  twenty-two  months. 

Cubes  1",  11'',  and  12"  on  a  side  were  faced  with  plaster-of-paris. 
Intermediate  sizes  were  tested  between  the  steel  platforms  without 
plaster,  with  the  exception  of  2"  cnbe  No.  18a  and  3"  cube  No.  23a, 

All  of  the  prisms  had  plastered  faces. 

The  cubes  generally  failed  by  splitting  off  the  sides,  the  retnaining 
portions  forming  two  pyramids  or  cones,  their  apices  facing  and  their 
bases  formed  by  the  two  bed  surfaces.  There  was  occasionally  a  tend- 
ency to  develop  cones  with  the  apices  overlapping  each  other. 

The  prisms  failed  in  a  similar  manner  by  splitting  off  the  sides,  bat 
instead  of  the  full  pyramidal  development  the  principal  fragments  were 
truncated. 

Before  final  fracture  occurred  snapping  sounds  were  heard,  and  cracks 
were  exposed  to  view  on  the  sides  of  the  specimens. 

The  average  resistance  of  the  different  sizes  of  cubes  and  prisms  are 
as  follows: 


Cubee. 

Prisms. 

Nominal  dimen- 
sions. 

Average 

resistance  per 

square  inch. 

Nominal 
dimensions. 

Average 

resistanoeper 

square  inch. 

1-inoh  onbe 

2-inch  cnbe 

3-inch  cube 

4-inch  onbe 

5-inoh  cnbe 

6-inch  onbe 

7-inch  onbe 

8-inoh  onbe 

0-inoh  cube 

10-inoh  onbe 

11-inch  cnbe 

12-inch  cnbe 

PoufuU. 
5,895 
7,053 
5,802 
4,859 
4,611     ) 
4.272     S 
4,987     J 
4,865 
4,745 
i.761 
5,881 
5,435 

IndiM. 
4X4X1 
4X4X2 
4X4X8 

Poundi, 

16.460 

6.370 

6,005 

8X8X2      1    i*J;5gJ 

8X8X8      '         6,168 
8X8X4      1          5.952 
8X8X5      1         6,020 
8X8X6               5,771 

*  Includes  broken  specimen. 

Two  of  the  12"  cubes  did  not  fracture  under  800,000  pounds  out  of 
six  that  "were  tested. 

The  first  in  order  of  strength  of  the  cubes  are  the  2".  The  resist- 
ance decreases  as  the  size  increases,  till  the  6"  cubes  are  reached,  which 
are  the  weakest  of  the  series.  Then  the  strength  is  advanced  in  the 
7"  cubes  and  again  falls  off  for  the  succeeding  ones,  till  the  11"  cubes 
are  reached.  This  latter  size  and  the  12"  cubes  have  plastered  ends, 
which  probably  raised  their  general  average. 

Tests  18a  and  23a  show  such  was  the  effect  of  plastered  ends  for  the 
2"  and  3"  cubes. 
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The  V*  cubes  are  anomalous  iu  showing  less  resistance  than  the 
larger  sizes,  as  they  had  plastered  faces,  and,  further,  the  strengthen- 
ing influence  of  the  steel  platforms  would  contribute  more  to  their 
strength  relatively  than  for  the  larger  blocks. 

^'The  strength  of  the  prisms  is  largely  in  favor  of  the  shortest  of  the 
series,  and  abruptly  changes  with  an  increase  in  height  from  V  to  2^' 
in  the  4"x4:"  prisms,  or  from  2"  to  3"  in  the  8"x8"  prisms.  After  this 
the  changes  of  resistance  are  more  gradual. 

The  12'^xl2''  prisms  were  tested  in  the  form  of  piers,  as  it  was  evi- 
dent from  the  preceding  tests  of  12^'  cubes  that  their  strength  taken 
singly  would  exceed  the  capacity  of  the  testing-machine. 

The  12''xl2'^x2^'  prisms  were  treated  as  a  pier,  sustaining  the  full 
capacity  of  the  testing-machine,  after  which,  when  tested  with  k  KK^ 
cube  of  Haverstraw  ^eestoue,  the  combination  failed  under  654,000 
pounds,  or  6,566  pounds  per  square  inch  on  the  surface  of  the  freestone. 

The  strengths  of  the  other  piers  were  as  follows : 


Dimensious 

of  prisms 

comprising 

pier. 


InehM. 
12X12X4 
12X12X6 
12X12X8 


ReriBiano« 

per 
squvre  inch. 


Poundt. 
4,585 
4.821 
4,496 
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Neat  cement  eubee. 


(DyokerhoiTs  Portland  eemeiit.1 

No.  49. 
Length,  V'M. 

Compressed  surface,  8'^03  x  8'M0=66.04  sqaare  inches. 
Weight,  37^  poQuds. 


Applied  loAds. 

Comprea- 
Blon. 

Set. 

Bemarkt. 

Total 

Pertqnare 
incn. 

Pofmdt. 

6,000 

10,000 

20,000 

80.000 

40.000 

60.000 

00.000 

70.000 

80.000 

80,000 

100,000 

6^000 

100.000 

120,000 

140,000 

100,000 

180,000 

200,000 

6,000 

200.000 

220,000 

288,000 

240,000 

280,000 

280,000 

288,800 

801.100 

PaundM. 

0. 

.0020 
.8040 
.0000 
.0076 
.0080 
.0102 
.0110 
.0122 
.0180 
.0141 

Inek, 

Ilrttoraek. 
Ultimate  strength. 

.0060 

.0142 
.0180 
.0180 
0186 
.0210 
.0280 

.0070 

.0240 
.0266 

.0280 
.0800 
.0880 
.0860 

4.828 
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No.  50. 

Length,  W. 

Gompressed  sur&ce,  8'^03x  8.^^05=64.64  square  inches. 

Weighty  37^  poands. 


Applied  loads. 

Compres- 
sion. 

Set 

Bemsrks. 

TMal. 

PersqiiAre 
Inok. 

PottfUlC. 

^ooo 

10,000 

20.000 

40,000 

60,000 

80,000 

100,000 

5,000 

100^000 

130,000 

140,000 

160,000 

180,000 

200,000 

5,000 

180,000 

200.000 

220,000 

240,000 

260,000 

280,000 

285.000 

280,000 

204,100 

Poimdff. 

Inek, 

0. 

.0010 
.0030 
.0046 
.0065 
.0082 
.0100 

Inch. 

Comer  orsoked. 

Bapid  yielding  and  splitting  np  of  oabe. 
Ultimate  strength. 

.0010 

.0100 
.0118 
.0188 
.0150 
.0166 
.0183 

.0025 

.0100 
.0207 
.0227 
.0260 
.0282 
.0206 

4,550 

1 
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No.  61. 

Length,  8''.04. 

Compressed  surface,  8^^04x8'' =64.32  square  inches. 

Weight,  39  pounds. 


Applied  loads. 

Compres- 
sion. 

Bemarks. 

Total 

Persqnftre 
inon. 

Set. 

Pounds. 

5,000 

10,000 

20,000 

40,000 

60,000 

80.000 

100,000 

5.000 

100,000 

120,000 

140. 000 

160,000 

180,000 

200,000 

5,000 

200,000 

220,000 

240,000 

260.000 

280,000 

285,000 

290.000 

295,000 

300,000 

305,000 

310,000 

315,000 

320,000 

325.000 

330,000 

335,000 

840,000 

345,000 

350.000 

355,000 

358,000 

360,000 

Pounds, 

0. 

.0005 
.002U 
.0040 
.0062 
.0077 
.0090 

1 

Inek. 

BegliiB  to  sholl  off. 
Ultimate  strength. 

.'doio** 

.0002 
.0105 
.0120 
.0130 
.0145 
.-0160 

.0020 

.0160 
.0175 
.0190 
.0203 
.0223 
.0230 
.0289 
.0244 
.0250 
.0255 
.0260 
.0264 
.0270 
.0280 
.0288 
.0292 
.0300 
.0305 
.0310 
.0323 
.0335 

6,607 
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No.  62. 

Length,  8".02. 

Compressed  surface,  7''.98x  8^^03=64.08  sqaare  inches. 

Weight,  38  pounds. 


Applied  loftdt. 

ComprM- 
■Ion. 

Set. 

Bemarkt. 

TotaL 

PerMmare 
inch. 

5,000 
10,000 

P9utndt, 

0. 

.0010 
.0025 
.0048 
.0066 
.0080 
.0009 

Intek. 

1       20,000 

40,000 

60,000 

80.000 

100,000 

5^000 

100,000 

120,000 

140,000 

.0015 

.oioo 

.0114 
.0180 
.0144 

100,000 

180,000 

.0100 
.0178 

!      200,000 

,         S.0O0 
1      200,000 

.0027 

.0180 
.0193 
.0218 
.0289 
.0202 
.0218 

Otaoks  at  one  corner. 
Ultimate  strength. 

220.000 

240,000 

200,000 

280,000 
296^000 

290,200 

4.009 
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No.  55. 
Length,  9''.05. 

Oompressed  surface,  9'^02x9'M2r=:82.26  square  inches. 
Weight,  56  pounds. 
Compression  faces  not  flat;  '^00^  convex. 


Applied  loads. 

Compres- 
sion. 

TotaL 

Per  sqnare 
inon. 

Set. 

Remarks. 

Pound*. 

5.000 

10,000 

20.000 

40,000 

60,000 

80.000 

100,000 

5,000 

100,000 

140,000 

160,000 

200,000 

5,000 

200,000 

240,000 

280,000 

300,000 

5,000 

800.000 

820,000 

827,000 

880,000 

840,000 

350,000 

800,000 

878,800 

PtfttffuU. 

Jnek. 

0. 

.0017 
.0088 
.0072 
.0102 
.0126 
.0145 

Inch, 

Corner  oraoked  off. 

Fragments  ooniinned  to  fly  off. 
Ultunate  strengtli. 

.0020 

•••••••••••• 

.*6i5o" 

.0181 
.0210 
.0222 

.0030 

.0284 
.0245 
.0270 
.0280 

•  ••■•«  •••■•« 

.0043 

.0282 
.0285 

.0302 
.0809 
.0315 
.0820 

4,688 

PHOTOGRAPH  OF  PYBAHID,  FBOU  CUBE  OF  NEAT  CEMENT 
No.  5fl,  AFTER  THE  TEST. 
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No.  66. 

Length,  8''.99. 

Compressed  surface,  9''.00x9''.00=81.00  square  inches. 

Weight,  55  poauds. 


Applied  loads. 

Compree- 
■ion. 

TotaL 

Per  aqoare 
incn. 

Set 

Bemerke. 

Pounds. 

6,000 

10.000 

^.000 

Pcundt. 

Jnek. 
0. 

Inch. 

.0012 
.0036 
.0063 
.0062 
.0100 

40.000 

00.000 

80.000 

100.000 

6.000 

100,000 

140.000 

180.000 

200,000 

5,000 

200,000 

240.000 

"*•*••"*•"•* 

.0117 

.0015 

.0120 
.0150 
.0177 
.0100 

.'0030* 

.0101 
.0216 
.0243 
.0259 

280,000 

300.000 

6.000 

" 

*.0050" 

300.000 

......._.... 

.0282 
.0285 
.0330 

330,000 

Corner  cracked  off. 

Sadden  jiddinff. 
Ultimate  strength.            * 

360.000 
889^400 
300.000 

••«•••••••*• 

4.888 

No.  57. 

Length,  9''.05. 

Oompressed  surface,  9'^02x  9^^04=81.54  square  inches. 

Weight,  56^  pounds. 


AppUed  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

TotaL 

Per  square 
inch. 

Poimdt. 
5^000 

Pomndt. 

Inch, 

0. 

.0005 
.0011 
.0030 
.0041 
.0056 
.0070 

IndL 

Cracks  in  sight. 

10.000 
20,000 

40,000 

00.000 

............ 

80,000 

••««•••■«*«• 

100,000 

5.000 

.0010 

100,000 

.0071 
.0004 
.0120 
.0132 

140.000 



180.000 
200.000 

6,000 
200.000 
240,000 
280,000 
800.000 

6.000 
300.000 
340.000 
370.000 
880.000 
380,000 

«.........«• 

.0016 

.0135 
.0180 
.0182 
.0202 

.0030 

.0210 
.0240 
.0278 
.0288 
.0295 

4,788 

Burst  into  fragments  suddenly  under  the  maximum  load. 
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No.  58. 

Length,  O^'.OS. 

Oompressed  snrfaoei  9^^07x9^^00=81.63  square  inches. 

Weight,  56  pounds. 


Applied  loAds. 

CompTes- 
Bion. 

Set 

Bemarki. 

TotaL 

PerMnftre 
iseb. 

Paunda. 

5,000 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

6,000 

100,000 

140,000 

180,000 

200,000 

6,000 

200.000 

240,000 

280,000 

800,000 

5,000 

800,000 

840,000 

870.000 

880,000 

390,000 

400,000 

458,600 

468.200 

PdiMuto. 

Inch. 

0. 

.0020 
.0080 
.0052 
.0070 
.0081 
.0095 

/«*. 

Benii  to  onok. 
UlumAto  strenKth. 

.0020 

.0096 
.0120 
.0142 
.0166 

«. 

.0080 

••A ••••••••• 

.0156 
.0178 
.0200 
.0212 

•  •••••  •••••• 

.0040 

.0215 
.0240 
.0260 
.0270 
.0275 
.0284 

5^786 

No.  59. 

Length,  8''.98. 

Oompressed  surface,  9^^05x9'M0=82.35  square  inches. 

Weight,  55^  pounds. 

Compression  faces  convex,  O^^OOJ. 


Applied  loads. 


TotoL 


Poundt. 

6,000 

10,000 

20,000 

40,000 

60,000 

80,000 

100.000 

6,000 

100,000 

140,000 

180,000 

200,000 

5,000 

200,000 

240,000 

280,000 

800,000 

5,000 

800,000 

810,000 

826,200 


Pertoaaxe 
Inoo. 


Pounda. 


Compree- 
don. 


8,049 


Inch. 

0. 

.0010 
.0080 
.0052 
.0071 
.0090 
.0106 


.0110 
.0142 
.0172 
.0190 


.0192 
.0220 
.0258 
.0882 


Set 


Indi. 


.0020 


.0045 


Semarkt. 


Cracked  at  180,000  ponnda. 


.0081 


Ultimato  Btrength. 
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No.  60, 

Length,  9". 91. 

Oompreased  sarfiAce,  l(y'.08xl(V'.05=101.30  square  inches. 

Weight,  75}  poands. 

One  compression  face  convex,  /^Ol. 


ApplfodloAds. 

ComprM- 

■iOB. 

8«t 

Bemftrka. 

ToteL 

Poriqiuu« 

Founds, 
8,000 

10,000 

8QL000 

40.000 

00,000 

80,000 

100,000 

6,000 

100,000 

140,000 

1801000 

200,000 

8,000 

200.000 

840.000 

280,000 

800.000 

8,000 

800,000 

818^000 

880,000 

840,000 

887,000 

888,300 

Poundi, 

Inch. 

0. 

.0018 
.0040 
.0070 
.0080 
.0110 
.0180 

Inoh. 

Cnoked. 
Ulttnuitestrongth. 

.0082 

.0120 
.0148 
.0170 
.0180 

.0040 

.0180 
.0200 
.0881 
.0888 

.0000 

.0288 

•  •••••  ••■••• 

.0288 
.0207 
.0282 

8.802 
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No.  61. 

Length,  IC'.OO. 

Compressed  surface,  10^^02  xl(H^00=100.20  square  inches. 

Weight,  76J  pounds. 

Good  bearings. 


Applied  loads. 

1 

Remarka. 

Total. 

Per  Moare 
incn. 

Con,p«..         set. 

Poundt. 
5.000 
10,000 
20.000 
40,000 
60,000 

flO  000 

Pound*. 

0. 
,         .0003 
.0010 
.0022 
.0081 
.0040 
.0060 

1      In€k. 

1 

'------.--      -. 

»••••••••••■ 

100,000 
5,000 

.0010 

1AA  MM 

.0052 
.OOTi 
.0088 
.0008 

140.000 
UO.OOO 
200.000 

5,000 
200,000 
140,000 
280.000 
800,000 

5,000 
300,000 
340,000 
380,000 
400.000 

5,000 
400,000 
440,000 
460,000 
470,000 
480,000 
MO.  000 
587.100 

""  .'ooio 

.0009 

.0116 
.0132 
.0145 

.0015 

.••••....*•• 

.0145 
.0160 
.0180 
.0102 

Cement  cracked. 
Ultimate  ttrcngth. 

.0020 

•••••• 

.0102 
.0218 
.0230 
.0240 
.0250 

6,860 
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ITo.  62. 

Length,  IC'.OO. 

Compressed  surface,  10'^09xl0'^04=101.30  square  inches. 

Weight,  76^  pounds. 


Applied  loftd*. 

Comprea* 
•ion. 

Set. 

Bemarki. 

Toial. 

1 

Per  aqaare 
incn. 

1 

Pounds, 

5,000 

Pounds. 

Ineh, 
0. 
.0008 

Ineh. 

One  edge  shelled  off. 
Ultimate  etrength. 

10,000 

20,000 

40.000 

00,000 

80.000 

100.000 

5,000 

100,000 

140,000 

180,000 

200.000 

5^000 

200.000 

.0042 
.0076 
.0100 
.0115 
.0128 

•••••••••••• 

.0025 

.0128 
.0148 

.0166 
.0174 

.0035 

.0176 
.0190 
.0210 
.0220 

240.000 

280,000 

300,000 
5,000 
300,000 
340,000 
380,000 
400,000 
5.000 
400,000 
440,000 
460,000 
&1»,000 

... 

.0048 

.0220 
.0240 
.0260 
.0270 

.0071 

.0275 
.0288 
.0308 

6,'i23*" 

No.  63. 
Length,  lO^.Ol. 

Compressed  surface,  l(y'.08xl0'M0=:  101.80  square  inches. 
Weight,  77  pounds. 
One  face  ^MH)^  convex. 


Applied  loads. 

Compree* 
•ion. 

Sel. 

Semarke. 

ToUL 

Per  Miuire 
inch. 

Pounds. 

5,000 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

5^000 

100,000 

140,000 

180,000 

200,000 

5,000 

200,000 

240,000 

Pounds. 

Ineh. 

0. 

.0012 
.0030 
.0062 
.0084 
.0103 
.0120 

JncA. 

Longitudinal  oraok  in  eight 
TTltiniate  etrength. 

.'ooio" 

.0120 
.0148 
.0168 
.0180 

.0020 

.0182 
.0202 
.0225 
.0238 

280,000 

300,000 

5,000 

.0041 

1      300,000 

.0252 
.0273 

820.000 

430,100 

• 

4,225 
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No.  64. 

Length,  IC'.OO. 

Compressed  snrflAce,  l(K^00xl0^^05=100.50  sqnaxe  inches. 

Weight,  76  pounds. 


AppUedlMuU. 

Comprea- 
don. 

det 

HwnTki. 

TotaL 

PerMiua« 
Inon. 

PoiMUlf. 

6^000 

10.000 

20.000 

40.000 

80.000 

80.000 

100,000 

5.000 

100.000 

140.000 

180.000 

200.000 

6.000 

200.000 

240.000 

242.000 

280.000 

800.000 

6.000 

800.000 

840,000 

880,000 

400,000 

6.000 

400,000 

478.400 

Poundi. 

Inek, 

0. 

.0008 
.0020 
.0042 
.0062 
.0076 
.0080 

7nc*. 

* 

CiAoked  lower  inriSMM. 
Ultfaoftto  itrength. 

.0010 

.0080 
.0U6 
.0140 
.0160 

.0020 

.0160 
.0172 

.0202 
.0218 

.0082 

.0220 
.0242 
.0272 
.0290 

*•«•••«    •••• 

."ooio" 

.0300. 

4.710 
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No.  66. 

Length,  ^^'.99. 

Compressed  surface,  KK^Ol  xl(K^05= 100.60  square  inches. 

Weight,  76^  pounds. 


Ajiplled  loads. 

Compnt- 
■ion. 

Sot. 

BouMTka. 

Total. 

PerMoare 
inon. 

Fomtda. 

fi.000 

10,000 

20,000 

40,000 

00,000 

80,000 

100,000 

fi.000 

100.000 

140,000 

180,000 

200,000 

S.O0O 

200.000 

240,000 

280,000 

800,000 

ft^OOO 

800,000 

840,000 

880,000 

400,000 

S,000 

400,000 

420,000 

440,000 

480,000 

472,000 

477,000 

PomUU. 

Inch. 

& 

.0010 
.0020 
.0040 
.0063 
.0085 
.0078 

Inch. 

UltliiiAto  itrODgth. 

.0010 

.0080 
.0102 
.0180 
.0140 

.0016 

■"  .'oiio 

.0100 
.0180 
.0108 

.0026 

.0186 
.0220 
.0246 
.0260 

.0042 

.0366 
.0280 
.0200 
.0804 
.0820 

m 

4,747 

S.  Ex.  36 10 
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No.  66. 

Length,  11".00. 

Compressed  surface,  ll'^00xirM5=122.65  square  inches. 

Weight,  101  pounds. 


Applied  loftdfl. 

Compre*- 
■Uhl 

1 

TotaL 

Persqiiare 
incn. 

Set.                                   Bwiirki. 

i                        * 

Poundi, 
5,000 
10,000 
20,000 
40,000 
80,000 
80,000 

Pounds. 

0. 
.0006 

.0020 
.0085 
.0048 
.0080 
.0070 

IncH, 

Cemfiiit  eneksd. 
UltiiniitettTCncUi. 

100,000 

5,000 
100,000 

.0008 

.0070 
.0002 
.0110 

140,000 

180,000 

200,000 

.0120 

5^000 
200,000 

•  •••••  •••*• 

.0012 

.0122 

240^000 

.0141 
.0100 

280,000 
800^000 

5,000 
800,000 
840,000 
880,000 
400,000 

5.000 
400,000 
440,000 

.  «o.ooo 

500^000 
8^000 
500,000 
510,000 
620,000 
580,000 
640,000 
681,200 

•  •••••  ••••«• 

.0175 

••••••     •     •• 

.0020 

.0175 
.0200 
.0820 
.0286 

.0002 

.0840 
.0280 
.0280 
.0808 

••*••• •••••• 

.0082 

.0818 
.0824 
.0882 
.0840 
.0860 

4,820 
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ITo.  67. 

Length,  11''.00. 

Compressed  surface,  ll'^00xl<K^97=120.67  sqaare  inches. 

Weight,  100  pounds. 

Total  thickness  of  plaster,  "M. 

This  and  the  fononriog  cubes  weze  plasteTed  on  compresaed  rarfiieee. 


Applied  loade. 

Comprea- 
aion. 

Set. 

Total 

Persavare 
inon. 

Bemarka. 

PowMlt. 

5.000 

10,000 

80.000 

40.000 

80.000 

100,000 

5,000 

100,000 

140,000 

180.000 

900,000 

0^000 

840.000 
280.000 
800,000 

8^000 
800,000 
840.000 
380.000 
400,000 

5.000 
400.000 
440.000 
480,000 
500.000 

P9wnd§. 

0. 
.0008 

.0088 
.0048 
.0005 

.0078 

IntHu 

Oaraars  enaked. 
Ultimata  atnogtk. 

.0020 

.0078 
.0000 
.0110 
.0120 

.0081 

.0120 
.0188 
.0156 
.0105 

•      .0040 

.0108 
.0188 
.0210 
.0820 

« 

.0058 

.0248 
.0270 
.0288 

'wA" 

5^000 
500^000 

6101 000 
580^  OOO 
580.000 
540,000 
560,000 

.0188 
.0808 
.0818 
.0820 
.0885 
.0880 
.0388 
.0850 
.0088 
.0870 
.0878 
.0800 
.0408 
.0415 
.0480 

500.000 
570,000 
5801000 
580,000 
000.000 
010,000 
080.000 
080,000 
088.000 

5^848 
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No.  68. 

Length,  ll''.00. 

Oompressed  surface,  ir^00xll'M8=:122.98  square  inches. 

Weight,  101^  poands. 

Total  thickness  of  plaster,  ^^02. 


Applied  loAda. 

Compiw- 
aion. 

Set. 

lUmarto. 

TotaL 

Per  Mmue 
tnoo. 

Foundi, 

8.000 
10,000 
20,000 
40,000 
80,000 
100,000 

^000 
100,000 
200,000 

8,000 
800,000 
800,000 

6.000 
800,000 
400,000 

8,000 

400.000 

.800,000 

6,000 
600.000 
620,000 
640,000 
860,000 
670,000 
880,000 
600,000 
000,000 
610,000 
620,000 
680,000 
640,000 
680,000 
660,000 
670,000 
680,000 
600.000 
700,000 
728,100 

Pmmdi, 

0. 

.0008 
.0018 
.0080 
.0060 
.0062 

Inch, 

* 

.0010 

.'0002 

.0112 

■ 

.0010 

."oiio 

.0160 

.0028 
.'0087* 

.0162 
.0220 

.0228 
.0288 

.0060 

.0200 
.0802 
.0820 
.0882 
.0842 
.0882 
.0862 
.0372 
.0880 
.0887 
.0306 
.0406 
.0422 
.0428 
.0440 
.0460 
.0470 
.0480 

, 

8^886 

Ultiinate  strengtii. 
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No.  69. 

Length,  11''.00. 

Compressed  snrfaoe,  ll'^03xlI'^21s=:123.65  sqaare  inches. 

Weight,  101}  pounds. 

Total  thickness  of  plaster,  '^02. 


AppUea  loads. 

ComprM- 
■ion. 

Set. 

Bemarks. 

Total. 

inoL 

Pmmdi, 

6,000 

10,000 

20,000 

40.000 

80,000 

100,000 

ft.  000 

100,000 

Pimnda. 

Inch. 

0. 

.0002 
.0010 
.0020 
.0040 
.0048 

Inoh. 

Craokt  at  628,000  poaudi  pnMnre. 
Tntimate  strength. 

.0010 

.0060 
.0000 

900,000 
5.000 

.0018 

200,000 
SOO,  000 

.0000 
.0186 

6,000 

'  .0020 

800.000 

.0188 
.0182 

400,000 
6.000 

.'ooio** 

400  000 

•  •■•••  •••••• 

.0188 
.0940 

500,000 

6.000 
500.000 

.0040 

.0250 
.0250 
.0272 
.02R2 
.0200 
.0202 
.0300 
.0308 
.0815 
.0820 
.0840 
.0806 
.0390 
.0415 

620,000 

580.000 

640,000 

1      560,000 



500,000 

670.000 

580,000 

«*••••  ■■•**« 

500,000 
000,000 
820.000 
040.000 

080,000 

074,000 

6,461 

150       T£8TS   OF   IBON  AND   STEEL   AND    OTHER  HATEBIAL8 


No.  70. 

Length,  KK'.QO. 

Compressed  sarfaoe,  11^' .02  xl^^21=:  123.63  square  inches. 

Weight,  101  pounds. 

Total  thickness  of  plaster,  '^03. 


Applied  loads. 

ComprM* 
■ioD. 

Etoi. 

Banutfks. 

ToUL 

PerMOAre 
incn. 

Pouttda. 

6,000 
10,000 
20,000 
40,000 
80,000 
100,000 

6,000 
100,000 
200.000 

8^000 
200,000 
800,000 

6,000 
800,000 
400,000 

5,000 
400,000 
500,000 

5.000 
600,000 
610.000 
520,000 
640,000 
560,000 
680,000 
600,000 
620,000 
640.000 
660,000 
680,000 
600,200 

Pounds. 

0. 
.0006 

.0018 
.0028 
.0045 
.0062 

Intk, 

Cracks  in  sicbt. 

.......4.... 

.0010 

.0060 
.0085 

.0018 

.0097 
.0140 

.0026 

.0140 
.0180 

.0032 

.0180 
.0250 

.0048 

.0268 
.0278 
.0282 
.0282 
.0810 
.0826 
.0840 
.0860 
.0882 
.0406 
.0482 
.0470 

. 

6^587 
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Na71. 

Length,  11''.02. 

Compressed  sarface,  IV'Mx  ir^05s=122.10  square  inches. 

Weight,  100  pounds. 

Total  thickness  of  plaster,  "M. 


Applied  loads. 

Compns- 
•ion. 

Sot. 

TouL 

1 

PerMOJure 
inoA. 

Pottfub. 

5,000 

10.000 

i 

PoWMff. 

0. 

.0006 
.0010 
.0085 
.0058 
.0060 

A  FvwOvv 

20,000 

40,000 

80.000 
100,000 

5.000 
100.000 
900,000 

0^000 
200,000 
800,000 

5,000 
800.000 
400,000 

5^000 
400^000 
500,000 

5,000 
500.000 
580.000 
540,000 
500,000 
580^000 
800.000 
6W.000 

640.000 

.0090 

.0080 
.0110 

.0028 

1 

.0113 
.0180 

Craoki  In  aigbt. 
Ultimate  stxeuicth. 

.0088 

.0180 
.OUO 

fooio" 

.0818 
.0870 

•   •    •    «^    •     •    0   •    •    •    • 

.0060 

.0880 
.0880 
.0800 
.0815 
.0380 
.0350 
.0878 
.0800 
.0410 
.0428 

5^887 
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No.  72. 
Length,  12''.00. 

Compressed  surface,  12^^05  x  12^^00=144.60  square  inches. 
Weight,  129  pounds. 
Total  thickness  of  plaster,  '^04. 


Applied  loads. 

Comprea- 
aion. 

Set 

Bemarka. 

Total. 

Peraaaare 
inon. 

Powndt. 

5.000 

40.000 

80.000 

100,000 

5^000 
100,000 
200.000 

5,000 
200,000 
800,000 

6,000 
800,000 
400.000 

5*000 
400.000 
500,000 

6,000 
500,000 
600,000 

6,000 
600,000 
620,000 
640.000 
660,000 
680.000 
690,000 
700.000 
710,000 

Pottfub. 

Inch. 

0. 

.0022 
.0040 
.0048 

JfMiL 

• 
Cracks  in  sight. 
Ultimate  strength. 

.0010 

.0048* 

.0088 

.0020 

.0090 
.0132 

.0028 

'.oiis*' 

.0182 

.0038  " 

'  .0182*" 
.0240 

.0050 

.0248 
.0820 

.0080 

.0330 
.0852 
.0670 
.0300 
.0422 
.0450 
.0475 
.0520 

4,910 

No.  73. 
Length,  ir'.97. 

Compressed  surface,  12^^08  x  12^^05=145.56  square  inches. 
Weight,  129  pounds. 
Total  thickness  of  plastec,  ''.03. 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarka. 

« 

TotaL 

Per  square 
inch. 

Poundt. 

5,000 

40,000 

80,000 

100,000 

5,000 
100,000 
200,000 

5,000 
800,000 

6,000 
400,000 

5.000 
500,000 

5,000 
600.000 

5^000 
600,000 
640.000 
678,000 
788.000 

Poundt. 

Inch. 

0. 

.0089 
.0060 
.0070 

.'oii5' 

Inch. 

Cracks  in  sight. 
Ultimate  strength. 

.0017 
.0022 

.0150 
.'0200" 

.0080 

.0089 

.0260 

.0050 

.0820 

.0070 

.0336 

.0865 
.0402 

5,870 
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No.  74. 

Length,  12".03. 

Compressed  surface,  12'^xl2'^03=144.36  square  inches. 

Weight,  130  pounds. 

Total  thickness  of  plaster,  "M. 


Applied  loftds. 

Comoree- 
•ion. 

Set 

Remarki. 

TotaL 

Per  MQare 
inoh. 

Poundi, 

5.000 

40.000 

80,000 

100.000 

5.000 
900.000 

5^000 
800.000 

5.000 
400,000 

5.000 
500.000 

5.000 
800,000 

5.000 
800,000 
840,000 
OHO.  000 
880.000 
700,080 
710,000 
720,000 
730.000 
740.000 
750.000 
780.000 
800.000 

5.000 

Poundt, 

0. 

.0080 
.0040 
.0058 

Inth, 

Craolu  in  sight. 

.0022 

.0100 

.0080 

.0140 

.0035 

.0180 

.0040 

.0280 

.0050 

.0270 

.0080 

.0280 
.0800 
.0315 
.0330 
.0345 

.0352 
.0885 
.0872 
.0382 

.0880 
.0400 

5,542 

800,000  pounds  applied  four  times,  returning  to  5,000  pounds  after 
each  loading;  then  the  pressure  was  allowed  to  remain  at  its  maximum 
eight  minutes,  after  which  it  was  released  to  5,000  pounds.  The  sixth 
loading  caused  rapid  failure  under  800,000  pounds  pressure. 


154   TESTS  OF  IHOK  AND  STEEL  AND   OTHER  MATERIALS. 


No.  76. 
Length,  12''. 

Compressed  surface,  12"xll".30=136.60  square  inches. 
Weight,  123  pounds. 
Total  thickness  of  plaster,  ".03. 


Applied  loads. 

Compre*- 
•ion. 

Set 

TotaL 

PeraqiiAre 
inon. 

FoundM. 

6,000 

40,000 

80,000 

100,000 

5,000 
200,000 

5^000 
800,000 

6,000 
400,000 

6,000 
500,000 

6,000 
800,000 

6,000 
800,000 
820,000 
840.000 
880.000 
880.000 
700.000 
708,000 
710.000 
720,000 
780,000 
740,000 
750,000 
780,000 
770,000 
780,000 
700,000 
70^000 
800,000 

6^000 

Pottfldt. 

Inch. 

0. 

.0026 
.0042 
.0063 

...:'-!*:... 

CtmIu  in  aiglit. 
Small  pieoee  flew  oft. 

.0080 

•  •  •  • 

.0100 

.0040 

.0140 

.0046 

.0180 

.0062 
.0086 

.0282 

.0800 

.0090 

.0808 
.0322 
.0888 
.0862 
.0870 
.0886 

.0882 
.0406 
.0414 
.0422 
.0487 
.0460 
.0468 
.0488 
.0476 
.0488 

6,000 

The  maximum  load,  800,000  pounds,  applied  four  times,  returning  to 
the  initial  load,  5,000  pQunds,  between  each  repetition.  The  pressure 
was  then  applied  for  the  fifth  time,  and  maintained  at  800,000  pounds, 
for  a  period  of  six  minutes,  when  the  cube  rapidly  failed. 

Each  application  of  800,oio0  pounds  caused  small  pieces  to  fly  off  and 
increased  the  size  of  the  cracks. 
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No.  76. 

Length,  12". 

Compressed  surface,  12^.05x12^=144.60  square  inches. 

Weight,  131  x>oands. 

Total  thickness  of  plaster,  .07". 


Apiklled  liMds. 

Gompres- 
■ion. 

Set. 

Bemarke. 

j     TotaL 

Per  raiiAre 
Inon. 

Poundt, 

6.000 

40,000 

80,000 

100,000 

6.000 
200,000 

6.000 
800,000 

6,000 
400,000 

6,000 
600,000 

6,000 
800,000 

6,000 
800,000 
820,000 
840.000 
880,000 
880,000 
700,000 
788^  0«^ 
740,000 
780.000 
770,008 
780,000 
800,000 

6,000 
100,000 

6^000 
200,000 

6^000 
800,000 

6,000 
400,000 

5^000 
600,000 

6^000 
800,000 

6^000 
700,000 

6,000 
770,000 
800.000 

PoiMidt. 

IndL 

0. 

.0026 
.0042 
.0060 

In«h, 

Pieoes  flew  off. 

« 

Pt«ioei  flew  ofll 
Ultiinate  atrenglh. 

0. 

.0086 

.0010 

."ooio" 

.'ooii" 

.0126 

.0170 

.0220 

.0050 

.0276 

.0070 

.0286 
.0808 
.0818 
.0380 
.0848 
.0867 
.0870 
.0888 
.0480 

- 

.0420 
.0446 

.0187 

.0176 

.0132 

.0816 

.0182 

.0260 

.0182 

.0280 

.0182 

.0825 

.0188 

.0885 

.0186 

.0410 

.0140 

^688 

Sustained  800,000  pounds  one  half  minnte ;  then  failed  rapidly. 
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No.  77. 
Length,  12". 

Ck>mpre68ed  surface,  12" xl2". 06=144.72  sqaare  inches. 
Weifi^ht,  130  pounds. 
Total  thickness  of  plaster,  .01^'. 


Applied  Uwds. 

ComprM- 
■iim. 

^t. 

• 

TotaL 

Persqiiare 
inc-h. 

Pounds. 

5,000 

40,000 

80,000 

100,000 

5.000 
200,000 

5,000 
800,000 

5,000 
400,000 

6^000 
600,000 

5,000 
600,000 

5.000 
620.000 
640,000 
660,000 
680.000 
685^000 
700,000 
715,500 

773,200 

Pounds. 

Inek. 

0. 

.0080 
.0050 
.0060 

Inoh, 

.0020 

.0100 

.0080 

*.o6io* 

.0142 

.0185 

.0050 

.0240 

.0066 

.0302 

.0085 

.0828 
.0340 
.0855 
.0372 

•*••"■■■•••• 

Pieces  flew  ofE. 

Decided  srielding;   fta^pnent   diatnrbed 

meeeuruig  iostnimeni. 
Ultimate  itrength. 

.0410 

.••■-•  •••»•• 

5,848 

PHOTOaBATH  OF  KBAT  CEHEHT  CCBE  Ho.  U,  APTBE  THE 

TEST,  SHOVINO  THE  DETELOFHEHT  OF  TWO 

PYBIHIDS  OTEBLAPPIKO. 


PHOTOOBAPH  OF  NEAT  CEMENT  FEISK  No.  200,  AFTEB  THE 

TEST,  8H0WIN0  DEVELOPMENT  OF  TWO 

TBOTCATED  PYBAMIDS. 
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PIERS  BUILl  OF  NBAT  CEMENT  PRISMS. 


CVo.  80%^ 


SEx3549! 
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No.  80^. 

Test  of  a  pier  built  of  three  12-inch  neat  cement  prisms  (Nos.  203, 204, 
and  205)  and  one  Haverstraw  fi^estone  cube  (No.  251). 

Under  550,000  poands  pressure,  cracking  sounds  were  heard. 

At  580,000  pounds,  prism  e  began  to  flake  off  at  corner. 

At  627,000  pounds,  fractures  opened  in  the  two  corners  of  the  cement 
prism,  1  and  2. 

Ultimate  strength,  654,000  pounds. 

The  pier  failed  with  a  loud  report,  the  sides  flying  off  in  small  pieces, 
the  remaining  i>ortions  forming  two  truncated  pyramids,  indicated  by 
the  dotted  lines  of  the  sketch,  and  shown  by  the  heliotype. 


FHOTOflBAPH  Of  FIEB  Ho.  80|,  AFTEB  THE  TEST. 
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No.  79J. 

Test  of  a  pier  built  of  three  neat  cement  prisms,  each  12''  x  12''  x  4'^ 
(Nos.  206,  207,  and  208). 
Total  height  of  pier,  12".18. 
Sectional  area,  144.28  square  inches. 


Applied  loads. 

Compres- 
aion. 

Inch. 

0. 

.0030 
.0060 
.0072 

Beiharks. 

Total. 

Per  Miiaro 
incn. 

Sot. 

Pound*. 

5,000 

40,000 

80,000 

100.000 

5,000 

100,000 

S00,000 

5,XXN> 

200.000 

800.000 

■ 
Pounds. 

Inch. 

.0020 

.0072 
.0130 

*'  *  .0040 

.0185 
.0200 

5,000 



.0070 

- 

800,000 
400,000 

5,000 
400,000 
500,000 

5,000 
500,000 
500,000 
600,000 

5.000 
600.000 
662,000 

.'0266 
.0272 

.oioo 

.0280 
.0860 

• ■ 

.  oiso 

.0362 
.0450 
.0462 

Cracked  each  prism. 
Ultimate  strength. 

.0180 

.0480 

4,588 

S.  Ex.  36 11 


t7)2.  7ZC 


^^^^                                   • 

^\ 

CTVaRos 

tM.^o 

CTTo.^* 

SEx35491 
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No.  77i. 

Test  of  a  pier  built  of  three  neat  cement  prisms,  each  12'' x  12^^x6. 
(No8.  209,  210,  and  211.) 
Total  height  of  pier,  18".06.  • 

Sectional  area,  145.20  sqaare  inches. 


Applied  loads. 


Total.      i^'L.T.'" 


Poufidt. 

6,000 
10,000 
20,000 
40,000 
60,000 
80,000 
100.000 

5,000 
100,000 
120, 000 
140,000 
160,000 
180,000 
200.000 

5,000 
200,000 
220,000 
240,  COO 
260,000 
280.000 
300,000 

5,000 
800,000 
820,000 
840,000 
360,000 
380,000 
400,000 

5,000 
400,000 
420,000 
440,000 
460.000 
480.000 
500.000 

5,000 
600,000 
620,000 
540.000 
560,000 
580.000 
600,000 

5.000 
600.000 
620,000 
640,000 
660,000 
680,000 
700,000 

5,000 
600,000 


Poundt. 


Compres- 
•ion. 


4,821 


0. 

.0015 
.0030 
.0055 
.0072 
.0088 
.0101 


.0102 
.0120 
.0180 
.0148 
.0160 
.0175 


.0178 
.0190 
.0201 
.  0220 
.  0282 
.0252 


.0252 
.0270 
.0290 
.0310 
.0335 
.0360 


.0360 
.0389 
.0412 
.0445 
.0475 
.0408 


.0612 
.0540 
.0565 
.0590 
.0628 
.0660 


.0678 
.0700 
.0730 
.0765 
.0800 
.0840 


I 


Set. 


Remarks. 


Inch. 


.0089 


.0062 


.C091 


.0147 


.0222 


.0822 


.0420 


Snapping  soand. 

Ultimate  strength ;  cracks  opened  at  {oint 

of  a  and  b. 
Highest  load  sustained  after  determining 

last  set. 


PHOTOGRAPH  OF  NBAT  CEICENT  PBISK  No.  211,  {TESTED  IN 
FIBB  No.  771,)  AFTER  THE  TEST. 
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No.  78}. 

Test  of  a  pier  built  of  three  neat  cement  prisms,  each  12^'xl2''x8. 
(Sob.  212,  213,  and  214.) 
Total  height  of  pier,  24".40. 
Sectional  area,  145.64  square  inches. 


Applied  lokdB. 


Total. 


Pounda. 

5,000 
10,000 
20,000 
40,000 
60,000 
80.000 
100,000 

5,000 
100.000 
120,000 
140,000 
160,000 
180,000 
200,000 

5,000 
200,000 
220,000 
240,000 
260.000 
280,000 
300,000 

5.000 
300,000 
820,000 
340,000 
360.000 
380,000 
400,000 

5,000 
400,000 
420.000 
440.000 
460,000 
480,000 
500.000 

5,000 
500,000 
520.000 
540,000 
560,000 
580.000 
600.000 

5.000 
600,000 
620,000 
640,000 
654,800 


Per  M  aare 
inch. 


CompreS' 
Bion. 


PoundB, 


4,496 


Inch. 

0. 

.0012 
.0032 
.0071 
.0006 
.0114 
.0130 


.0182 
.0140 
.0162 
.0180 
.0200 
.0215 


.0217 
.0232 
.0250 
.0267 
.0282 
.0800 


.0802 
.0320 
.0840 
.0360 
.0380 
.0400 


.0402 

'    .0426 

1    .0448 

,    .0471 

1    .0500 

0520 

.0530 
.0560 
.0590 
.0615 
.0645 
.0688 


.0702 
.0735 
.0765 
.0820 


Set. 


Bemnrks. 


Indi. 


.0042 


.0062 


.0088 


.0120 


.0162 


.0232 


Began  to  flake  at  joint  of  priams  a  and  h. 


Ultimate  strength. 


Sndden  failure  under  the  maximum  pressure.  A  continuous  longi- 
tudinal seam  opened  along  the  three  prisms,  splitting  off  the  comer  of 
the  pier.    Other  similar  seams  also  opened. 

The  fragments  of  prism  a  assumed  a  pyramidal  form  with  steep  sides.. 

Prisms  b  and  c  were  broken  up  by  seams  nearly  parallel  to  the  line 
of  pressure. 
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4.— MORTAE  AND  COVCEETE  CUBES  MADE  OF  VOETOH'S  CEMENT. 

The  cubes  were  made  in  Jauuary,  1880,  and  were  46  months  old  when 
tested. 

There  were  two  compositions  each  of  mortar  and  concrete,  differing 
in  the  quantity  of  sand  ased. 

All  were  prepared  with  plaster-ofparis  bed  faces,  and  were  tested  be- 
tween steel  cushions. 

Compression  measurements  were  taken  with  cubes  8'^  to  16'^  inclu- 
sive. 

Pyramidal  fractures  were  developed. 

The  average  strengths  of  the  cubes  were  as  follows : 

Mortar  cubes, 

Ponnds  per 
square  loch. 

Composition  A.  M 1,545 

Composiliou  B.  M 854 

Concrete  cubes, 

Compoeition  A 1,545 

Cotnpoeition  B 1,021 

Mortar  A.  M.,  conta.ining  1^  parts  sand  has  80.9  per  cent,  higher 
strength  than  mortar  B.  M.,  containing  3  parts  sand ;  and  concrete  A 
exceeded  the  strength  of  concrete  B  51.3  per  cent. 

The  addition  of  the  broken  stone  to  mortar  A.  M.,  thereby  forming 
concrete  A,  did  not  result  in  any  change  of  the  average  crushing  resist- 
ance of  the  mixture;  whereas  with  mortar  B,  the  resulting  concrete  is 
19.6  per  cent,  stronger  than  the  mortar. 


CRUSHING  aXBENGTH  OF  CUBES  OF  NORTON'S  CEMENT  MORTAR, 

[CoxpoBinOK  A.  M.— 1  part  cement  paste,  1|  parts  sand.] 


Ko. 
of 

test. 

116 
117 

Nominal 
dimen- 
sions. 

Actual  dimensions. 

Sec- 
tional 
area. 

1 

Cush- 
ions. 

t 

Thick- 

/-i_^i-.. 

Ultimate  strength. 

Weight 

per 

cubic 

foot. 

Length. 

Compressed 
surfisoe. 

nessof,  v^riMjKB 
;  plae-  >  in  sight. 

1    ter.    ' 

1            1 

Total. 

Per 

square 

inoh. 

4"  cube.. 
...do .... 

8.08 
3.99 

Indut. 
4.06 
3.88 

1 

Iiichet.  8q.  in. 
4. 00      16. 24 
4.03       15.64 

Steel.. 
..do... 

Inch.   Pounds. 

.06       26,400 

1      .08       32, 100 

Pounds. 
38,200 
32.100 

Pounds. 
2.044 
2,052 

Pounds, 
121.9 
122.1 

118 
119 

O^'cnbe.. 
..  do  .... 

6.00 
6.03 

6.02 
S.98 

5.99 
6.02 

36.06  '..do... 
86.00    ..do  ... 

.  12  1    49, 700 
.17  <    46.900 

49,700 
46.900 

1,378 
1,303 

117.8 
117.8 

120 
121 

8"  cube.. 
...do  — 

&11 
7.99 

8.06 
&05 

8.03 
&05 

64.64  ...do... 
64.80  ;..do... 

.03 
.01 

106,000 
120,000 

106.000 
120,000 

1,640 
1,852 

122.0 
122.6 

12S 
123 

12"  cube. 
. .  do  .... 

12.03 
12,07 

12.03 
12.02 

12.07 
12.02 

145.20    ..do  ... 

144.48    ..do  ... 

1 

.21  1  102,500 
.  04     196. 100 

192,500 
197,400 

1,826 
1,366 

117.2 
117.6 

124 
126 

16"  cube. 
...do  — 

16.05 
16.08 

16.00 
16.05 

16.01 
16.08 

266.16   ..do... 
26a08   ..do... 

.  08     321, 200 
.09  1  320.000 

321.200 
320.000 

1.254 
1.240 

110.3 
11&5 

• 
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CRUSHING  STRENGTH  OF  CUBES,  #-0.— Continued. 
[CoHPOflinoN  A.— 1  part  cement  paste,  1^  parts  sand,  6  parts  broken  stone.] 


No. 

of 

test 


126 
127 

128 
129 


Nominal 
dimen- 
sions. 


Actnal  dimensions. 


4"  cube..! 
. .  .do ... 

6"cnbe. 
...do... 


180  :8"cnbe. 
131  i...do... 


182 
133 

134 
185 


12"  cnbe 
...do ... 

16"  cnbe 
...do  ... 


Length. 


Inches. 

4.10 
4.11 

6.03 
6.08 

8.06 
8.04 

12.02 
12.05 

16.05 
16.05 


Inehea.  Inehe$. 
4.00  I    4.09 


Compressed 
surface. 


4.05 

6.97 
6.08 

8.03 
&05 

12.09 
12.00 

16.10 
16.04 


4.05 

6.10 
6.07 

8.07 
&04 

12.00 
12.00 

16.07 
16.05 


Sec- 
tional 
area. 


8q.  in. 
16.86 
16.40 

36.42 
86.60 

64.80 
64.72 

145. 08 
144.00 

258.78 
257.44 


Cush- 
ions. 


Steel. 
..do.. 

..do  .. 
. . do  . . 

. .  do  . . 
..do  .. 

. . do  . . 
..do  .. 

..do  .. 
..do  .. 


Thick- 1 
nessof  Cracks 


Ultimate  strength. 


plas- 
ter. 


in  sight. 


Inch.  I  Pounds. 
.03  87.950 
.  01      88, 100 


.01 
.02 

.10 
.08 

.10 
.10 

.15 
.17 


Total. 


Per 

square 
inch. 


Weight 

per 

cubic 

foot 


88,000 
86^200 

87,600 
97,900 

184,000 
200,000  1 

815,000  I 
360,000 


Pounds. 
37,950 
88,100 

33.100 
37,200 

87.600 
97.900 

218,100 
232,900 

879,20; 
368,000 


Pounds. 
2,320 
2,328 

909 
1,016 

1,852 
1,513 

1,508 
1,617 

1.40 
1,429 


Pounds. 
137.1 
MLS 

136.0 
137.1 

148.6 
142.6 

146.7 
147.9 

146.9 
146.9 


CRUSHING  STRENGTH  OF  CUBES  OF  NORTON S  CEMENT  CONCRETE. 

[COMPOBITION  B.  M.— 1  part  cement  paste,  3  parts  sand.] 


186 
187* 

138 

189 

140 
141 

142 
143 

144 
145 


4"  cnbe. . 
. . .  do  .... 

6"  cube.. 
...do  ... 

8"  cube.. 
— do  ... 

12"  cube. 
. . .  do  .... 

16"  cube. 
. . . do  . . . . 


8.90 


8.98  i    3.94 


4. 00       3. 96 


5.98 
5.94 

8.05 
8.00 

12.00 
12.11 

16.10 
16.09 


6.02 
6.02 

7.96 
6.05 

12.02 
12.11 

16.10 
16.07 


4.00  I 

6.03  ! 
6.01 

8.04 
8.02 

12.06 
12.07 

16.11 
16.00 


15.68 
15.92 

36.80 
36.18 


Steel, 
.do  .. 

. . do  . . 
..do  . . 


64.00  !..do 
64.56  I.. do 

144.96  !..do 
146.17  !..do 

259.87  '..do 
257.12  ,..do 


.02 
.       .06 

28,250  ! 
18,560  ; 

J      .03 
.        .16 

28.800 
20,050 

.!      .13 
.       .10 

54.280 
47,250 

.        .08 
.       .03 

98,500 
101,600 

.       .14 
.       .16 

194,200 
17«,750 

23,250  , 
18.560  I 

28,300  ' 
26,050 

54.280 
47,250 

98,500  I 
101,600  ' 

194,200  I 
176,750 


1.488 
1,166 

120.1 
120.9 

780 
720 

116.6 
117.8 

848 
732 

117.4 
117.2 

680 
605 

115.2 
113.8 

749 
687 

114.9 
115.9 

*One  compressed  surfiice  ".OO^d:  convex. 
[Composition  B.— 1  part  cement  paste ;  8  parts  sand;  6  parts  broken  stone.] 


146 
147 

4"  cube.. 
...do.... 

4.07 
4.02 

3.98 
8.98 

4.00 
4.00 

15.92 
15.92 

Steel. 
.  .do  . . . 

.04 
.21 

28,150 
27,850 

24.700 
27,850  ; 

1,652 
1,718 

189.9 
12a  2 

148 
149 

6"  cube.. 
.. .do  ... . 

6.90 
6.00 

6.02 
5.96 

6.00 
6.00 

86.12 
35.70 

..do ... 
..do  ... 

.17 
.07 

36,450 
85,100 

86,450 
35,380 

1,009 
991 

189.9 
189.8 

*150 
151 

8"  cube.. 
...do  — 

&02 
8.05 

8.02 
&00 

8.00 
a  15 

64.16 
65.20 

. .  do  ... 
..do  ... 

.14 
.19 

56,000 
55,000 

56,400 
55,000  : 

879 
844 

140.4 
189.9 

152 
163 

12"  cube 
...do 

12.03 
12.05 

12.01  , 
12.06 

12.11 
12.05 

145.44 
145.32 

. .  do  ... 
..do  ... 

.14 
.09 

112,650 
•109.900 

112,650 
109,900 

775 
757 

18a  8 
18a  1 

164 
156 

16"  cube 
. .  do  ... . 

16.18 
16.14 

16.14 
1&12 

1 

16.03 
16.10 

25a  72 
269.58 

. .  do  ... 
..do  ... 

.03 
.10 

222,100 
210, 000 

222,100 
215,000 

858 
828 

189.9 
14a  0 

*One  compressed  £sce  convex  ".01  db. 
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CUBES  OF  NORTON'S  CEMENT  MORTAB— COMPOSITION  A,  M, 

No.  120. 

liength,  8'Ml. 

OoDipressed  surface,  8''.05x8''.03=64.64  square  inches. 

Weight,  37  pounds. 

Total  thickness  of  plaster,  ''.03. 


Applied  loads. 


Totol. 


PoundM. 

1,000 

5,000 
10,000 
15.000 
20,000 
25,000 

1,000 
25,000 
80,000 
35,000 
40,000 
45,000 
50,000 

1,000 
50,000 
5.\000 
60,000 
65,000 
70,000 
75,000 

1,000 

75,000 

80,000 

85,000 

90.000 

05,000 

100,000 

105,000 

106,000 


Per  square 
i*cb. 


Compres- 
sion. 


Poundt. 


1,640 


Inch. 

0. 

.0015 
.0020 
.0030 
.0038 
.0042 


.0042 
.0050 
.0060 
.0070 
.0075 
.0082 


.0088 
.0095 
.0105 
.0115 
.0122 
.0188 


.0142 
.0152 
.0165 
.0180 
.0200 
.0222 
.0252 
.0290 


Set. 


Remarks. 


Inch. 


.0010 


.0022    ' 


.0045 


Ultimate  strength. 


<3racks  appeared  at  time  of  reaching  the  maximum  load. 
Pyramidal  fragments. 
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No.  121. 

Length,  7"  99. 

Compressed  surface,  8'^05xB^^05s=64.80  square  inches. 

Weight,  36f  pounds. 

Total  thickness  of  plaster,  '^01. 


Applied  IomU. 

Compreft- 
aion. 

Set 

Bemarki. 

Total. 

Per  sqaAre 
inoh. 

Poundt. 

1,000 

5.000 
10,000 
15,000 
20,000 
26,000 

1,000 
25.000 
80,000 
85,000 
40,000 
46,000 
50.000 

1,000 
60,000 
65,000 

Poundt. 

Inch. 

0. 

.0020 
.0080 
.0042 
.0060 
.0082 

Inch. 

Ultimate  strength. 
Cracks  appeared  when  pressure 
this  load. 

t 

.0010 

.0062 
.0070 
.0076 
.0085 
.0096 
.0102 

.0085 

.0105 
.0110 
.0120 
.0180 
.0140 
.0150 

00,000 

65,000 

70.000 

75,000 

1,000 

76,000 

80,000 

85,000 

95,000 

100,000 

105.000 

110,000 

115,000 

120,000 

118,000 

.0062 

.0152 
.0160 
.0172 
.0200 
.0210 
.0280 
.0252 
.0280 
.0355 

1,852 

fell  to    i 

Pyramidal  fragments. 
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No.  122, 

Length,  12''.03. 

Compressed  surface,  12".03  x  12''.07=145.20  sqaare  inches. 

Weight,  118}  poands. 

Total  thickness  of  plaster,  '^21. 


Applied  loada. 

Compres- 
Bion. 

Set 

Bemarks. 

Total. 

Pertqnare 
incn. 

Poundt, 
5^000 

Poundt. 

Inch. 

0. 

.0010 
.0045 
.0222 
.0420 
.0555 

Inch. 

10,000 

20.000 



ao,ooo 

40.000 

60,000 

6,000 

60.000 

60,000 

70,000 

80,U00 

90.000 

100,000 

5.000 

100,000 

110,000 

.0520 

.0556 
.0680 
.0700 

>         .0755 

•  •     •        • 

.0800 
.0845 

•  •  •  • 

.0760 

.0870 
.0890 
.0920 
.0960 
.0990 
.1032 
.1075 
.1125 
.1185 

Ultimate  ■trength. 

120,000 

130,000 
140,000 
150,000 
160,000 

170.000 

180,000 
190.000 
192.500 

.1260 

1,828 

.1330 

...... ...... 

Surface  cracks  appeared  soon  after  passing  the  maximum  load. 
A  part  of  the  unusual  yielding  of  the  cube  was  attributed  to  the  plas< 
ter-of-paris,  which  was  found  soft  and  yielding  after  the  test 
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No.  123. 

Length,  12''.07. 

Compressed  snrface,  12^^02  x  12^^02=144.48  square  inches. 

Weight,  118|  pounds. 

Total  thickness  of  plaster,  ^^04. 


Applied  loads. 


Total      I 


Pound§. 

S.000 

10,000 

20,000 

80,000 

40,000 

50,000 

5,000 

50,000 

00,000 

70,000 

80,000 

90,000 

100,000 

5,000 

100,000 

110,000 

120,000 

130,000 

140,000 

150.000 

5,000 

150,000 

100.000 

170,000 

180,000 

100.000 

100,100 

197,400 


Per  eqaare 


I 


Ban 
inch. 


Compres- 
sion. 


Poundt. 


1,8M 


Ineh, 

0. 

.0012 
.0030 
.0042 
.0052 
.0062 


.0065 
.0075 
.0088 
.0100 
.0112 
.0130 


.0135 
.0150 
.0170 
.0192 
.0220 
.0250 


.0260 
.0295 
.0880 
.0800 
.0480 


Set* 


Remarks. 


.0650 


Ineh. 


.0080 


.0060 


.0125 


Cracks  in  sight. 
Ultimate  strength. 
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No.  124. 

Length,  16''.06. 

Compressed  surface,  16'^00xl6''.01 =266.16  square  inches. 

Weight,  284  pounds. 

Total  thickness  of  plaster,  ^^08. 


Applied  loadi. 

UoDiprBS- 

SiOD. 

Set. 

Remarks. 

Total. 

Per  saaare 
loon. 

Pounds, 

5,000 

10,000 

20,000 

80,600 

40.000 

50.000 

60,000 

70.000 

80,000 

90,000 

100.000 

5.000 

100.000 

120,000 

140,000 

160,000 

180,000 

200,000 

5,000 

200,000 

Pounds. 

Inch. 

0. 

.0010 
.0022 
.0088 
.0048 
.0058 
.0068 
.0075 
.0080 
.0090 
.0098 

Inch, 

• 

Ultimate  atrengtli. 

""  .0080 

.0100 
.0110 
.0128 
.0145 
.0160 
.0185 

"**  .0060 

.0192 
.0215 
.0225 
.0240 
.0258 
.0280 
.0292 
.0310 
.0340 
.0366 
.0392 
.0490 
.0555 
.0600 

220,000 
230,000 
240.000 
250.000 
260.000 
270,000 
280,000 
290,000 

••••^« •"•••• 

800,000 

■••■••••■••a 

310,000 

819,000 

320,000 

821,200 

1.254 
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No.  126. 

Length,  IC'.OS. 

Compressed  sarface,  16'^05xl6'^08=:258•08  square  inches. 

Weight,  284^  pounds. 

Total  thickness  of  plaster,  ^'.09. 


Applied  loftds. 

Compret- 
sion. 

Set 

• 

Bemarks. 

TotiO. 

• 

PoTMiuare 
inon. 

Pound*. 

5,000 

10,000 

20,000 

80,000 

40.000 

50,000 

00,000 

70,000 

80,000 

90.000 

100,000 

5,000 

100,000 

120,000 

140,000 

100.000 

180,000 

Pounds. 

a 

Ineh. 

• 
Ultimate  atrenKth. 

.0005 
.0016 
.0027 
.0040 
.0050 
.0060 
.0070 
.0075 
.0080 
.0090 

■«••••••••■• 

.0025 

.0090 
.0106 
.0120 
.0138 
.0155 
.0175 

200,000 

5,000 
200,000 
SO,  000 
280.000 
240.000 
250.000 
260,000 
270,000 
280,000 
290,000 
800,000 
810,000 
820,000 



.0052 

.0182 
.0200 
.0215 
.0280 
.0245 
.0262 
.0288 
.0610 
.0840 
.0890 
.0445 
.0520 

1,240 
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CUBES  OF  NORTON'S  CEMENT  MOBTAR.-^^COMPOSITION  B,  M. 

No.  140. 

lieugth,  3".05. 

Ctompressed  surface,  7'^96x8'^04=64.00  square  inches. 

Weight,  35  pounds. 

Total  thiokuess  of  plaster,  'M3, 


Applied  loftda. 
I      ToUl. 


l*mtndt. 

1.000 

6,000 

10,000 

16,000 

20,000 

26,000 

1,000 

26,000 

80.000 

86,000 

40,000 

46,000 

60,000 

64,280 


PerBauflxe 
Inoh. 


Compres* 
sion. 


Powndf. 

Inch, 
0. 

••-•• 

.0025 
.0042 

.0060 

.... 

.0075 

• 

.0090 

.0096 

.0110 

,0180 

.0150 

.0180 

■■•■«•• 

848 

.0230 
.0400 

Inch, 


.0030 


Ultimate  strength. 


No.  Ul. 

Leugth,  8.00". 

Oompressed  surface,  8".05x8".02=:64.56  square  inches. 

Weight,  35  pounds. 

Total  thickness  of  plaster,  ".10. 


Applied  loads. 

• 

Compres- 
siou. 

Set 

Remarks.                     ^ 

1 

Pounda. 
1  000 

Poundf. 

Inch. 

0. 

.0080 
.0050 
.0060 
.0075 
.0090 

Inch, 

Ultimate  strengtii. 

5,000 
10,000 
16,000 
20,000 
26.000 

1.000 
26,000 
80,000 
36,000 
40,000 

.0040 

.0096 
.0110 
.0180 
.0100 
.0230 
.0360 

46,000 

..... . 

47,250 

732 
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li^O.  142. 

Length,  12''.00. 

Oompressed  surface,  12'^02x  12^^06 =144.96  square  inches. 

Weight,  116  pounds. 

Total  thickness  of  plaster,  '^08. 


Applied  load*. 


ToUl. 


5,000 
10,000 
20,000 
30,000 
40,000 
60,000 

5,000 
60,000 
60,000 
70.000 
80,000 
90.000 
98,600 


Per  Miure 
inoli. 


Compree- 
sion. 


Poundt. 


680 


0. 
.0012 
.0080 
.0040 
.0066 
.0069 


Set. 


In^, 


.0029 


Remarks. 


.0072 
.0086 
.0108 
.0135 
.0180 
.0410     TTltlmAte  strength. 


No.  143. 

Length,  12'Ml. 

Compressed  surface,  12'Mlxl2''.07=:  146.17  square  inches. 

Weight,  116^  pounds. 

Total  thickness  of  plaster,  '^03. 


Applied  loads. 

Compree- 
sion. 

1 

• 

TotiJ. 

Persanjne 
Inoii. 

Set. 

Remarks. 

« 

PottlMlt. 

6,000 

10,000 

20,000 

30,000 

40,000 

50,000 

8,000 

60.000 

60,000 

70,000 

80,000 

90,000 

100,000 

101,600 

Poundt. 

Inch. 

0. 

.0010 
.0026 
.0040 
.0056 
.0070 

Inch. 

Ultimate  strength. 

.0028 

""  .6675 
.0090 
.0120 
.0162 
.0210 
.0820 
.0410 

695 
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No.  144. 

Length,  16".10. 

Compressed  sarfacet  16'M0xl6'Ml=259.37  square  incbes. 

Weight,  277^  pounds. 

Total  thickness  of  plaster,  ^M4. 


Applied  loftde. 

Compres- 
sion. 

Set. 

Remarks. 

lot--      '""to'cT' 

Pounds. 

5,000 

10,000 

20,000 

Pounds.          Inch. 

0. 

Inch. 

.0010 
.0025 
.0086 
.0042 
.0052 
.0065 



80.000 

•  •**••  ••••■• 

40.000 

50.000 

60.000 

•      ..... 

UltfmAte  strength. 

70,000 

.0075 
.0082 

80,000 
90.000 

.0095 
.0110 

100,000 

.••••• ...... 

5,000 

.0042 

100,000 

.0112 

110,000 

.0125 
.0140 
.0160 
.0180 

120,000 
130,000 
140,000 

150,000 

.0205 
.0235 
.0272 
.0820 
'       .0420 
.0560 

160,000 

............ 

170.000 

•••"••"•••"* 

180.000 



190,000 



194,200 



749 

No.  145. 

Length,  16''.09. 

Compressed  surface,  16''.07xl6''.00=257.12  square  incbes. 

Weight,  277J  pounds. 

Total  thickness  of  plaster,  ".16. 


Applied  loads. 

Compres- 
sion. 

Set. 

Bemarks. 

1 
1 

Pounds.        Pounds, 
5,000     

Inch, 

0. 

.0020 
.0038 
.0060 
.0062 
.0072 
.0082 
.0098 
.0110 
.0122 
.0140 

Inck. 

• 

10,000 
20,000 
80,000 
40,000 
50,000 
60,000 
70.000 

80,000 

90,000 

100,000 
5,000 

.0066 

100,000 

.0145 
.0160 

110,000 

120,000 

.0172 
.0102 

----• 

130,000 



140,000 

.0225 
.0258 
.0802 
.0380 
.0540 

150,000 
160,000 
170. 000 
176,750 

687 

' 
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CUBES  OF  NORTON'S  CEMENT  CONCBETE^COM POSITION  A. 

ISO.  130. 

Length,  8''.06. 

OompreBsed  surface,  8'^03x8''.07 =64.80  sqaare  inches. 

Weight,  43J  poands. 

Total  thickness  of  plaster,  ^MO. 


Applied  Joftds. 

(Compres- 
sion. 

Bemarlu. 

T««--       XX~ 

Set. 

Founds. 
1.000 
6.000 

Pounds. 

Indk. 
0. 

Inch. 

.0025 
.0080 
.0042 

10.000 

15.000 

20,000 

25.000 

1,000 

.0050 
.0000 

TJltimate  ttreiiKth. 

.0030* 

26,000 

.0002 
.0070 
.0080 

80,000 

85,000 

...... ...... 

40,000 

.0090 
.0105 

45,000 



50,000 
1.000 
50.000 
55.000 
60.000 
66.000 
70.000 
74,800 
75.000 
80.000 
86.000 
87.000 

.0122 

.0065 

.0130 
.0145 
.0175 
.0215 
.0260 
.0810 
.0325 

.0886 

.0485 
.0000 

••*■••"••■"• 

i,862  ' 

8.  Ex.  35 12 
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No.  131. 

Length,  8''.04. 

CoiDpre88ed  surfieMie,  8".05x  8^^04=64.72  square  inches. 

Weight,  43  pounds. 

Total  thickness  of  plaster,  ^'.03. 

One  compression  face,  ''.01  convex. 


Applied  loads. 


Total. 


PoundM, 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
1,000 
25^000 
80,000 
35,000 
40.000 
45,000 
50,000 
1,000 
50,000 
56,000 
60,000 
65^000 
70,000 
75.000 
80.000 
85,000 
90,000 
06.000 
07,000 


Per  square 


son 

ICO. 


inc. 


PcundM. 


1,680 


Compree- 
sion. 


Inch. 

0. 

.0040 
.0070 
.0085 
.0008 
.0110 


.0115 
.0120 
.0140 
.0160 
.0170 
.0190 


.0200 
.0220 
.0240 
.0275 
.0810 
.0350 
.0308 
.0450 
.0576 
.0710 
.1000 


Set. 


Remarks. 


Inch. 


.0078 


.0130 


TJltiinate  strength. 
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No.  132. 

Length,  12''.02. 

Oompressed  surface,  12".09  xl2''= 145.08  square  inches. 

Weight,  148  pounds. 

Total  thickness  of  plaster,  'MO. 


Applied  loads. 

1 

Compres- 
sion. 

Set. 

Bemsrks. 

TTotoL 

Per  sqnftre 
inon. 

PoundM. 

8,000 

10,000 

20,000 

80.000 

40.000 

50,000 

6,000 

50,000 

60,000 

70.000 

90,000 

90,000 

100,000 

6,000 

100,000 

110,000 

120,000 

180,000 

140,000 

Poundt. 

Inch. 

0. 

.0010 
.0020 
.0030 
,0040 
.0050 

Indk. 

[ 

.0022 

Crsck  in  sight 
UltimAte  strength. 

.0050 

.0000 
.0070 

.0060 
.0005 
.0110 

.0052 

.0120 
.0180 
.0150 
.0170 
.0108 
.0280 
.0266 
.0810 
.0362 

'***■••••••• 

150,000 

100,000 
170,000 
180,000 

184,000 

190,000 

.0415 
.0510 
.0645 
.0870 

200,000 



1. ........... 

210,000 

1 

'     •  •  •            •     *     • 

215,400 
218^100 

1,508 
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No.  133. 

Length,  12".06. 

Compressed  surface,  12''xl2^'=144  square  inches. 

Weight,  148J  pounds. 

Total  thickness  of  plaster,  'MO. 


Applied  loada. 

Compree- 
aion. 

Set. 

1 

Bemarks. 

Total 

Per  BciTiAre 
inen. 

Poundi. 
6,000 

Pounds. 

Inch, 

0. 

.0015 
.0042 
.0058 
.0085 

Inch, 

CraokB  in  tight- 
Ultimate  itrength. 

10,000 

20,000 

30.000 

50,000 

5,000 

60,000 

60,000 

70,000 

80.000 

90,000 

100,000 

5,000 

100,000 

110,000 

120,000 

130,000 

"••••••••••• 

.0050 

.0087 
.0100 
.0115 
.0180 
.0148 
.0160 

••"•••*••*"• 

.0096 

.0170 
.0185 
.0200 
.0220 
.0245 
.0280 

•*•••••*•••• 

140,000 

150,000 

1          5,000 

.0172 

,      150, 000 

.0292 
.0820 
.0840 
.0880 
.0480 
.0500 
.0590 
.0720 
.1100 

1      160. 000 

«■•••••••■•• 

j      170, 000 

180,000 

190,000 

200,000 
210,000 

220,000 

228,800 
282,900 

t 

TESTS   OP   IRON  AND   STEEL   AND   OTHER   MATERIALS.      181 


No.  134. 

Length,  16''.05. 

Oom  pressed  snrfaoe,  16'M0xl6'^07 =258.73  square  inches. 

Weight,  353  pounds. 

Total  thickness  of  plaster,  'M5. 


Applied  loads. 

Comprea- 
aion. 

Set 

Remarka. 

Total 

Per  8Qnax« 
inco. 

Pmmdt. 

5,000 

10,000 

20,000 

Poundi. 

Ineh. 

0. 
.0008 
.0080 
.0042 
.0048 
.0054 
.0060 
.0065 
.0070 
.0076 
.0080 

Inch. 

1 

1 

Snappiog  sound. 
Cracka  in  sight 

30,000 

40,000 
50.000 
60,000 
70,000 
80,000 
90,000 
100.000 

•••■•••«•     •• 

5,000 

MMMMMMaaaaaa 

.0044 

100,000 

*'"  .0080 
.0090 
.0100 
.0115 
.0130 
.0150 

120,000 

............ 

140,000 
160,000 
180,000 
200,000 
6.000 
200,000 
210,000 
220,000 
230,000 
240,000 
250,000 
260,000 
270,000 
280,000 
280,000 
300,000 
310,000 
816,000 
820,000 
830,000 
340,000 
360,000 
860,000 
370,000 
870,200 

.0072 

.0160 
.0170 
.0182 
.0202 
.0222 
.0250 
.0278 
.0815 
.0860 
.0400 
.0450 
.0500 
.0550 
.0600 
.0710 
.0806 
.0000 
.1090 
.1460 
.2030 

**********    *• 

Ultimate  strength. 

1,466 
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No.  135. 
Length,  16".10. 

Compressed  surface,  16'^04x  16^^05=257.44  square  inches. 
Weight,  352J  pounds. 
Total  thickness  of  plaster,  ".17. 


Applied  loads. 
Total. 


Per  saaare 
Inch. 


Poundi. 

6,000 

10.000 

20,000 

80.000 

40,000 

60.000 

00,000 

70,000 

80,000 

90,000 

100.000 

5,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

5,000 

200,000 

220,000 

230,000 

240,000 

250,000 

260.000 

270,000 

280.000 

290,000 

800,000 

810,000 

318, 700 

820,000 

830,000 

840.000 

850,000 

860,000 

808,000 


Poundi. 


Compres- 
sion. 


Inch. 

0. 

.0008 
.0015 
.0025 
.0030 
.0038 
.0042 
.0050 
.0055 
.0060 
.0069 


1,429 


.0070 
.0080 
.0092 
.0110 
.0130 
.0150 


.0160 
.0180 
.0192 
.0208 
.0235 
.0260 
.0290 
.0320 
.0360 
.0420 
.0!^ 
.0538 
.0580 
.0602 
.0650 
.0740 
.0075 
.1170 


Set. 


Inch. 


.0030 


Remarks. 


.0070 


Cracks  In  aigbt. 
TJltimato  atrength. 
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CUBES  OF  NORTON'S  CEMENT  CONCRETE— COMPOSITION  B, 

No.  150. 

Length,  8''.02. 

Compressed  surface,  S^^02x8''=64.16  square  inches. 

Weight,  42  pounds. 

Total  thickness  of  plaster,  ".14 

One  comi)ressed  face  convex  ".01. 


Applied  loads. 

Compres- 
sion. 

Set. 

ToUl-      i^'LX*" 

Remarks. 

Poundt. 
1,000 

Pwindt. 

Inch. 

0 

.0092 
.0090 
.0110 
.0122 
.0142 

Inch. 

5,000 

10,000 

15,000 
20.000 
25.000 



1,000 

.0110 

25,000 

.0150 

80,000 

.0102 

35.000 

.0185 

40,000 

.0215 
.0258 
.0330 
.0480 

45,000 
50,000 
54,300 
50,400 

879 

Ultimate  strength. 

No.  161. 
Length,  8".06.  .^A:  * 

Compressed  surface,  8"  x  8".15=65".20  square  inches. 
Weight,  42^  pounds. 
Total  thickness  of  plaster,  ".19. 


Applied  loads. 

Compres- 
sion. 

Set. 

Remarks. 

TotaL 

Per  sonare 
Incb. 

Pou,nd9. 

1,000 

6,000 

10,000 

15,000 

20.000 

25.000 

1,000 

25,000 

80,000 

85.000 

40,000 

45.000 

50,000 

5&000 

Poundi. 

Inch. 

0 

.0022 
.0040 
.0055 
.0070 
.0085 

Inch. 

♦ 

.0042 

"*'  .6696 
.0100 
.0120 
.0142 
.0172 
.0230 
.0450 

intimabe  strength. 

844 
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No.  162. 

Length,  12".03. 

Compressed  surface,  12'^01xl2'Ml =145.44  sqnare  inches. 

Weight,  140  pounds. 

Total  thickness  of  plaster,  'M4. 


Applied  loads. 


Total. 


Pound§. 

5,000 

10,00C 

20,000 

30,000 

40,000 

50,000 

5.000 

50,000 

00,000 

70,000 

80,000 

90,000 

100.000 

110,000 

112.650 


I 


Persqaare 
inob. 


Poundt. 


775 


Coiaprea- 
oion. 


Ineh. 

0 

.0007 
.0022 
.0040 
.0050 
.0065 


.0070 
.0080 
.0104 
.0125 
.0180 
.0290 
.0575 
.0760 


Set. 


Bemarka. 


Ineh. 


.0080 


Ultimate  strenf^th. 


No.  153. 

Length,  12".05. 

Compressed  snrface,  12''.06xl2'^05=145.32  square  inches. 

Weight,  140  pounds. 

Total  thickness  of  plaster,  ".09. 


Applied  loads. 

Comprea- 
sion. 

Set. 

Remarks. 

Total. 

Per  sauare 
inon. 

Poiaidt. 

^000 

10,000 

20,000 

30,000 

40,000 

50,000 

5,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

109,900 

Pounds. 

Ineh. 

0. 

.0010 
.0025 
.0038 
.0049 
.0062 

Ineh. 

Ultimate  strength. 

.0025 

.0062 
.0075 
.0090 
.0112 
.0155 
.0240 
.0525 

767 
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No.  154. 

Length,  16'M8. 

Oompressed  sarface,  16'M4xl6^'.03=258.72  square  inches. 

Weight,  339  pounds. 

Total  thickness  of  plaster,  ".03. 


Applied  loftds. 


Totol. 


Poumdt. 

5,000 

10,000 

20,000 

30.000 

40,000 

60,000 

6,000 

50,000 

00,000 

70,000 

80,000 

90,000 

100,000 

5,000 

100,000 

110,000 

120,000 

130,000 

140,000 

150.000 

5,000 

180,000 

160,000 

170,000 

IRO.OOO 

100,000 

200,000 

210,000 

220,000 


222,100 


Compres- 

Per  sqaere  I       "***"■ 


ino 


qaa 
oh. 


PowmU. 


858 


Inch. 

0. 

.0008 
.0022 
.0040 
.0050 
.0062 


.0065 
.0075 
.0084 
.0095 
.0105 
.0115 


.0128 
.0130 
.0140 
.0150 
.0170 
.0180 


.0190 
.0200 
.0215 
.0242 
.0272 
.0310 
.0360 
.0450 
.0600 
.0660 


Set 


Remarks. 


.0040 
.1450 


Inch, 


.0046 


.0072 


.0120 


Ultimate  strength. 

After  snstalnlog  maxlmom  load  5^. 

Craoks  now  appear. 

After  sustainhiK  mazimiim  load  lO'. 

After  sustfldnlng  maximum  load  12'. 


Disintegration  took  place  rapidly  after  the  maximam  load  had  been 
sustained  twelve  minutes. 
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No.  156. 

Length,  16".14. 

Compressed  sarface,  16'M2xl6".10=269.63  square  inches. 

Weight,  339i  pounds. 

Total  thicknes^s  of  plaster,  'MO. 


Applied  loads. 

ComproB- 
8ion. 

Inch. 

0. 

.0010 
.0020 
.0030 
.0040 
.0045 

.0047 
.0052 
.0060 
.0068 
.0075 
.0080 

Set. 
Inch. 

Total,      i^'a"'"' 

1 

Remarks. 

Pounds. 
5.000 
10.000 
20,000 
80,000 
40,000 
50,000 

Pounds. 

5,000 
50,000 

.0020 

60,000 
70,000 

80,000 

............ 

90,000 

100,000 

5,000 

.0035 

• 

Cracks  in  sight. 
Ultiinate  stren^h. 

100,000 

.0085 
.0092 
.0105 
.0120 
.0132 
.0150 

110,000 

120, 000 



130,000 

140,000 

150,000 

5,000 

.0070 

150,000 

.0162 
.0180 
.0210 
.0260 
.0320 
.0400 
.0540 
.0620 

160,000 

170,000 

180.000 

190,000 

200,000 

210,000 

215,000 

828 
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MORTAR  AND  CONCRETE  CUBES  MADE  OF  NEWARK  COMPANY'S  ^OSEN- 

DALE  CEMENT 

The  cubes  were  made  iu  January,  1882,  and  were  twenty-two  months 
old  when  tested.    All  were  prepared  with  plaster-of-paris  bed  faces. 

The  mortar  cubes  and  one  of  each  size  of  the  concrete  cubes,  except- 
ing the  4",  were  tested  between  soft  pine-wood  cushions  loaded  perpen- 
dicuhirly  to  their  grain.  The  pine  cushions  varied  in  thickness  from  J" 
to  1"  with  the  different-sized  cubes,  and  their  cross-section  dimensions 
were  twice  their  own  thickness  plus  the  size  of  the  cube  with  which  used. 

The  duplicate  concrete  cubes  were  tested  between  steel  cushions. 
Compression  measurements  of  the  latter  cubes  only  were  taken. 

The  manner  of  failures  between  pine  cushions  show  clearly  the  want 
of  uniformity  iu  the  composition  of  the  mortar  and  concrete ;  also  a 
decided  loss  in  strength  where  so  tested.  The  resistance  of  the  pine 
cushions  to  crushing  or  indenting  perpendicular  to  the  grain  was  com- 
paratively uuiforn),  and  when  not  indented  uniformly  it  was  occasioned 
principally  by  th^e  inequality  in  strength  of  the  mortar. 

The  difference  iu  depth  of  the  indentation  of  the  cushions  used  with 
S"  mortar  cube,  No.  90,  was  ".17;  with  the  concrete  greater  differences 
are  found. 

The  grain  of  the  cushions  under  opposite  ends  were  at  first  placed  in 
a  parallel  direction.  It  was  observed  that  the  compressed  surfaces  of 
the  cubes  cleaved  in  lines  parallel  to  the  grain  of  the  cushions,  the 
yielding  of  the  wood  influencing  the  manner  of  failure,  and  instead  of 
pyramidal  fragments  found,  as  when  tested  between  steel  cushions, 
these  cubes  were  broken  into  thin  layers.  When  the  grain  of  the  cush- 
ions on  opposite  ends  were  at  right  angles,  the  lines  of  cleavage  of  the 
cubes  were  at  right  angles,  following  the  grain  of  the  wood. 

Changing  the  direction  of  the  grain  of  the  cushions  had  no  apparent 
effect  on  the  strength  of  the  cube.  In  passing,  however,  from  wood  to 
steel  cushions  there  was  a  gaiu  of  24.5  per  cent,  in  the  average  resist- 
ance of  the  cubes. 

Comparing  the  strength  of  the  mortar  cubes,  4''  to  16",  inclusive, 
tested  between  wooden  cushions,  with  concrete  tested  between  the  same 
kind  of  cushions,  the  average  resistance  of  .the  concrete  is  found  20.9 
per  cent,  above  the  mortar. 
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CRUSHING  STRENGTH  OF  CUBES  OF  NEWARK  COMPANY'S  ROSENDALS 

CEMENT  MORTAR. 


[Composition— one  pari  cement,  three  parte  eand.] 


I 

e 


84 
86 


Aotaal  dimensions. 


Nominal  dimensions. 


Sectional 


2"  cube. 
do.. 


86      4"  cube. 


87  , 

88  I 

80  1. 

oo! 

01  ' 

02 
03 


.do. 


G^'cabe. 
do.. 


8"  cube. 
do.. 


lO''  cnbe. 
do  . 


04     12^'  onbe. 


05 

06 
07 

08 
00 


.do. 


14'' cnbe. 
do.. 


16"  onbe. 
do.. 


Length. 

Compressed  surface. 

area. 

1 

Inche». 
2.07 
1.08 

IneheM. 
2.00 
2.04 

Inektt. 
2.02 
2.08 

Sq.ineheB. 
4.04 
4.24 

3.06 
4.06 

3.08 
3.06 

4.00 
8.06 

16w9 
'             16.7 

6.06 
6.00 

6.03 
5.03 

&00 
5.06 

85.6 

35.8 

7.05 
8.12 

&02 
a  10 

ao6 
a  10 

64.6 
65.7 

10.00 
10.04 

10.00 
10.10 

10.10 
10.06 

101.0 
101.6 

12.00 
11.00 

12.00 
12.00 

12.04 
12.05 

144.5 
144.6 

13.00 
14.02 

14.00 
14.10 

18.08 
14.08 

105.7 

ioa5 

16.00 
16.04 

16.00 

iao4 

laoo 
iao2 

266.0 
297.0 

I! 


84 
85 

86 
87 

88 
88 

00 
01 

02 
93 

04 
06 

06 
97 

98 
00 


J"  wood. 
do  . 

I"  wood. 
do  . 

do. 

do. 

I"  wood . 
do  . 

do. 

do. 

1"  wood. 
do. 

do  . 

do. 

do. 

do. 


Coshions. 


of  plaster. 


Jneh, 


.06 
.00 

.14 
.00 

.13 
.18 

.06 
.13 

.15 
.11 

.08 
.15 

.18 
.10 

.07 
.13 


■ 

bracks  in 
sight 

Ultimate  strength. 

1 

Weight 

Total. 

Per  square 
inch. 

per  onbic 
foot. 

Poundt. 

6,600 
4,700 

PottfuU. 
6,680 
5,850 

Pwndt. 
1,653 
1,261 

Pcwndt. 
122.7 

uao 

11,600 
11,350 

11,080 
12,100 

753 
771 

iiao 
iia2 

28,050 
27,300 

20,100 
27,600 

817 
782 

114.8 
114.8 

45,100 
44,300 

45,300 
46,800 

701 
712 

iiao 

112.6 

81,600 
71,700 

83,600 
108,000 

828 
1,063 

117.1 

iiai 

100, 200 
01,400 

101,000 
07,100 

600 
671 

114.1 
114.0 

132,000 
130,700 

130,600 
145,600 

607 
733 

117.7 
11&6 

140,000 
147,000 

167,000 
158,000 

613 
615 

114.6 

uas 
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Table  showing  appearance  of  cusbiODS,  and  remarks  apon  the  fract- 
ures of  the  cubes  in  the  foregoing  tests  of  Newark  Company's  Bosen- 
dale  cement  mortar. 


1 

11 

$ 

S  1 

^ 

1  ^ 

c 

1    o 

9 

i 

i 

84 

85 
86 

87 

88 


I 


90 
91 


Jn.l 
2  : 


4 
4 

6 
6 
8 
8 


92  10 

10 

94  ,  12 

95  12 

96  14 

97  14 


98 


16 


99  10 


Appearance  of  cuahiona  after  the  teet. 

1 

1 

Direction 

of  grain  of 

coshions. 

Increaae 
in  width. 

Reuiarka. 

Remarka  upon  fractures  of  the 
cubee. 

Inch. 

Parallel.  .. 

.06 

.  06  1  Indented  to  a  depth  of  ''.04  to 

//  no 

PjTamldal  f ragmen  ta. 

...do 

.07 

.05 

Indented  aniformlv  "'05 

Do. 

..  do 

.16 

.08 

Indented,  maximnm  ".07,  mini- 
mum ".02. 

Cleaved  in  lines  parallel  to  grain 
of  onehione. 

...do 

.06 

.15 

Indented,  maximum  ".07.  mini- 
mum ".01. 

Do. 

-.do 

t 

.19 

Indented,  maximnm  ".04,  mini- 
mum ''.01. 

...do 

0 

0 

Indented,  maximum  ".01,  mini- 
mum ".004. 

Pyramidal  f^agmenta. 

...do 

.14 

.27 

Tn^AiitMl,  m&Timnm  'M«,  mini. 

mum  ".01. 

...do 

0 

.02 

Indented,  maximum  ".02,  mini- 
mum ".01. 

Do. 

. .  do 

.07 

.05 

Indented,  maximum  ".07,  mini- 
mum ".07. 

Pyramidal  firagmenta ;  cleavage 
parallel  to  grain  of  ouahiona. 

OroMwiae  .. 

.32 

.55 

Indented,  maximum  ".22,  mini- 
mum ".15. 

Cleavage  on  each   bompreased 
face  parallel  to  grain  of  oueh- 
ione. 

Parallel 

.04 

.04 

Indented,  maximum  ".03,  mini- 
mum ".02. 

Pyramidal  fragmenta. 

Croaewiae  .. 

.01 

.01 

Indented,  maximum  ".03,  mini- 
mum ".01). 

Pyramidal  ftagmenta  with  oleav- 
age  parallel  to  grain  of  onah- 
ions. 

Parallel.... 

.02 

.08 

Indented,  maximum  ".06,  mini- 
mum ".02. 

Sides  split  off  leaving  solid  core. 

Croeawiae  .. 

.10 

.60 

Indented,  maximum  ".17,  mini- 
mum ".04. 

PanOlel 

0 

.04 

Indented,  maximnm  ".02,  mini- 

Sides split  off  leaving  aolid  core 
of  aorter  material. 

mum  ".00|. 

Croeawiae  .. 

0 

.03 

Indented,  maximum  ".08,  mini- 

Do. 

mum  ".01. 
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CRUSHING  STRENGTH  OF  CURES  OF  NEWARK  COMPANTS  ROSENDALS 

CEMENT  CONCRETE, 


[CompoeitioD— 1  part  oement,  8  parte  aand,  2  parte  gravel,  4  parte  broken  etone.] 

]  j  ~i 

Actual  dimeDMons. 


ee 

is 


o 


100 
101 

102 

103 

104 
105 

106 
107 

108 
109 

110 
111 

112 
118 

114 
115 


Nominal 
dimeDslone. 


6-inch  cube 
do 


8-inch  onbe 
do 


10-inch  cube 
...  do 


12-inch  cube 
..  do 


4-inch  cube  . . . 
—  do 


U-inch  cube . . 
do , 


lO-ioch  cube . . 
..  do 

18-inch  cube . . 
....do 


Length.  . 


Indi, 
4.07 
4.02 

6.02 
6.12 

8.00 
&02 

10.18 
10.16 

12.05 
12.00 

14.14 
14.04 

16.03 
16.00 

18  00 
18.00 


Compreefled 
em  face. 


Inch. 
4.08 
4.06 

5.05 
6.02 

8.07 
8.02 

10.11 
10.11 

12.01 
12.06 

18.90 
14.09 

16.08 
16.05 

17.96 
18.00 


Ifieh. 
4.05 
4.07 

6.08 
6.09 

8.09 
&05 

10.11 
10.04 

12.18 
12.04 

14.18 
14.05 

16.16 
16.10 

18.02 
17.62 


Sectional 
area. 


16.52 
16.52 

86.18 
86.66 

6&28 
64.66 

102.21 
10L50 

146.04 
146. 20 

197.10 
197.96 

250.86 
25&40 

828.46 
317. 16 

i 

• 

Cnahiona. 

• 

Thickness 
of  plaster. 

Cracks  in 
sight. 

Ultimate  strength. 

Weight 

per  cnbio 

foot. 

TotaL 

Per  sonare 
inen. 

100 
101 

102 
108 

104 
105 

106 
107 

108 
109 

110 
111 

112 
118 

114 
115 

4-inoh  wood.. 
1-inch  wood.. 

|.inch  wood.. 
8teel 

Inch. 
.08 
.10 

.02 
.07 

.14 
.10 

.02 
.06 

.18 
.02 

.08 
.09 

.18 
.07 

.08 
.19 

Poundt. 
16,800 
14,900 

85,200 
41.500 

43,600 
65,500 

84.400 
120,000 

108,000 
150,000 

184.000 
147.000 

180.000 
250.000 

220,000 
881.000 

Poundc. 
17.750 
16,880 

87.100 
46,100 

55,200 
77,100 

117, 700 
120,000 

121,800 
161,600 

187,600 
148,000 

37^200 
268,400 

271,800 
881.000 

PoundM. 

1.074 

991 

1.026 
1,280 

846 
1,194 

1.162 
1.182 

881 
1.118 

698 
748 

674 
1,089 

889 
1.044 

Poundt. 
126.8 
126.8 

127.4 
127.1 

184.6 
180.1 

182.6 
18a7 

182.6 
184.9 

188.8 
181.2 

188w9 
18&1 

186.1 
187.1 

|-inch  wood.. 
Steel 

1-inch  wood.. 
Steel 

1-inoh  wood.. 
Steel 

l-isoh  wood.. 
Steel 

1-inch  wood.. 
Steel 

1-inch  wood.. 
Steel 
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Table  showing  appearance  of  cushions,  and  remarks  upon  the  frac- 
tures of  the  cubes,  in  the  foregoing  tests  of  Newark  Company's  Bosendale 
cement  concrete. 


r 


o 

I 


I 


Direction 

of  gnAn  of 

cushions. 


100 

101 
102 


108 
104 

105 
106 

107 
108 


100 
110 


Ul 
112 


U3 
114 


116 


4 

4 
6 


6 

8 

8 
10 

10 
12 


12 
14 


14 
10 


16 
18 


18 


PsTttllel. 

...do  — 
..do .... 


Pandlel... 

.26 

.08 

Psnllel... 

.11 

.12 

ParaUel... 

.06 

.08 

Parsllel... 

.08 

.80 

Parallel  .. 

.42 

.08 

'Pmiiei!.. 

.60 

.60 

Appearance  of  cushions  after  the  test. 


Increase 
in  width. 


Inch. 
.07    .08 


.18    .25 
.14    .10 


Bemarks. 


Kemarlca  upon  fractures  of  the 
cubes. 


Indented,  maximum  'MS,  mini* 
mom  ".01. 

Indented,  maximum  'M6,  mini* 
mum  ".02. 

In  dented,  maximum  ".06,  mini- 
mum ".00^. 


Steel  cushions    

Indente<1,  maximum  ".80,  mini- 
mum ".05. 

Steel  cushions 

Indented,  maximum  ".82,  mini- 
mum ".28. 

Steel  cushions 

Indented,  maximum  ".1 6,  mini- 
mum ".05. 


Steel  cushions 

Indented,  maximum  ".16,  mini- 
mum ".01. 


Steel  cushitms 

Indented,  maximum  ".12,  mini- 
mum ".OOt . 


Steel  cushions 

Indented,  maximum  ".25,  mini- 
mum ".02. 


Steel  cushions 


Failed  in  detail,  crushing  firom 
one  side,  cleaving  in  lines  pai- 
allel  to  grain  of  cushions. 
Do. 

Pyramidal  fragments.  Com- 
pressed faces  cleaving  in  lines 
]>aralle1  to  grain  of  cushions. 

Pyramidal  fragments. 

Cube  crushed  m  detail. 

Pyramidal  fragments. 
Do. 

Do. 

Pyramidal  flragments.  Com- 
pressed faces  showed  nlight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  fhtgments. 

Compressed  faces  showed  slight 
cleavage  i>arallel  to  grain  of 
cushions. 

Pyramidal  fragments. 

Pyramidal  flragments.  Com- 
pressed faces  showed  slight 
cleavage  parallel  to  grain  of 
cushions. 

Pyramidal  fragments. 

Pyramidal  IVagments.  Com- 
pressed faoes  showed  slight 
cleavage  parallel  to  gnAn  of 
cushions. 

Pyramidal  fragments. 
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CONCRETE  CUBES  OF  NEWARK  COMPANY'S  ROSBNDALE  CEMENT. 

No.  107. 

Compressed  surface,  lO^.llxlO^'.Oiss  101.50  sqaare  inches. 

Weight,  78  poands. 

Total  thickness  of  plaster,  '^06. 


Applied  loads. 


Comprea- 

Per  sqaare  i       •*<***• 


Pounds. 

5,000 

10,000 

15,000 

20,000 

25,000 

80,000 

85,000 

40.000 

45.000 

50.000 

5,000 

50.000 

55,000 

60.000 

65.000 

70,000 

75, 000 

80.000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

115,000 

120.000 


Poundi. 


Inch. 

0. 

.0010 
.0020 
.0030 
.0040 
.0048 
.0058 
.0065 
.0075 
.0082 


1,182 


.0088 
.0097 
.0110 
.0120 
.0140 
.0165 
.0180 
.0200 
.0230 
.0270 
.0320 
.0385 
.0500 
.0670 
.1000 


Set. 


Ineh. 


.0051 


Remarka. 


Ultimate  strength. 


Surface  cracks  appeared  immediately  before  the  maximum  load  was 
reached. 
The  cube  crushed  into  pyramidal  shape. 
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No.  109. 

Length,  12''.00. 

Compressed  surface,  12^^06  xl2''.04=145.20  square  iuches. 

Weight,  136  i)ouDd8. 

Total  thickness  of  plaster,  ''.02. 


Applied  loads. 

Compres* 
sion. 

Set. 

Remarke. 

TotoL 

Per  MDare 
ioon. 

1 
Po«md«.       PpufMb. 
5,000     --^ 

Ineh. 

0. 

.0010 
.0085 
.0065 
.0042 
.0052 
.0060 
.0070 
.0075 
.0080 

« 

10.000 

15.000 

*****  •••••• 

20,000 

25»000 
80.000 
85.000 
40,000 
45,000 
50.000 
5,000 
50.000 

•  •...•  ••••• 

.0048 

.0082 
.0002 

.0100 
.0110 
.0120 
.0180 
.0140 
.0150 
.0100 
.0175 
.0190 

50.000 

00,000 

65.000 

70.000 
75.000 
80.000 

8^000 

90,000 

05,000 

•••••"**•*•• 

100,000 
5.000 
100,000 
105,000 
110,000 
115^000 
120,000 
185,000 
180,000 

•••••• •••••• 

.0125 

.0210 
.0225 
.0240 
.0250 

.0270 
.0204 

•••••• ••••/. 

.0385 
.0868 
.0420 

185.000 

140.000 

145,000 
150,000 
155,000 
160.000 
161.000 

.0480 
.0560 
.0680 
.0950 

Cimoks  deTeleped 
Ultimate  atreDgth. 

••••«•••••■• 

Liia" 

■••••■  •••••• 

-  -  - 

1 

Pyramidal  fragments. 
8.  Ex.  35 13 
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No.  111. 

Length,  U"M. 

Compressed^ arfaee,  14^^09 x  14'^05= 197.96  square  inches. 

Weight,  211  pounds. 

Total  thickness  of  plaster,  '^09. 


Applied  loAds. 

1 

Remarks. 

T»UL       ^•'^"~ 

Compret.          g^^ 
■ion.              "^•" 

Pound$. 

5,000 
10,000 
20.000 
80,000 
40,000 
50,000 

5,000 
60.000 
00,000 
70.000 
80,000 
90,000 
100,000 

5,000 
100,000 

Poundt.         Insk. 

0- 

Inch. 

Cracks  In  sight. 
Ultimftte  strengtlu 

.0015 

.0080 

1        .oom 

.0070 

.... 

^ 

.0045 

.0080 
.0002 

.0110 

.0125 
.0100 
.0200 

..  ....... 

, 

.0180 

.0220 
.0275 
.0350 
.0400 

110.000 
120,000 
180.000 
140,000 
147,000 
148,000 

"**•** •"••"• 

........... 

.0720 

..  ...   

748    ;          .1870 
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No.  113. 

Length,  16".00. 

Compressed  surface,  16^^05x16^^10=258.40  square  inches. 

Weight,  325^  pounds. 

Total  thickness  of  plaster,  ^^07. 


Applied  loads. 


TOUI.      I*'*^^'-" 


Pounda, 

5,000 

10,000 

20,000 

30.000 

40, 000 

60,000 

5,000 

60,000 

80,000 

70,000 

80,000 

00.000 

100,000 

6,000 

100.000 

110,000 

120.000 

180,000 

140,000 

160,000 

6.000 

160.000 

180,000 

170.000 

1(*0,000 

190,000 

200.000 

210,000 

220,000 

230,000 

240,000 

250,000 

260,000 

28R,400 


Found§, 


Comprefl. 
aion. 


1,089 


Ineh, 

0. 

.0012 
.0028 
.0036 
.0040 
.0048 


.0049 
.00A2 
.0002 
.0009 
.0076 
.0088 


.0090 
.0100 
.0110 
0120 
.0186 
.0150 


.0102 
.0176 
.0210 
.0286 
.0276 
.0826 
.0385 
.0440 
.0500 
.0006 
.0720 
.0922 


Set. 


Bemarkt. 


Im^ 


.0042 


.0080 


Cracks  in  tight. 
Ultimate  atrength. 
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No.  115. 
Lengtb,  18''. 

Com))re88ed  surface,  18"xl7".62=r317.16  square  iDches. 
Weight,  455  pounds. 
Total  tbickuess  of  plaster,  'M9. 


Applied  loads. 


Total. 


Pound*. 

S,000 

10,000 

20,000 

40,000 

eo,ooo 

80,  (HM) 
100.000 

6,000 
100.000 
120.000 
140.000 
100.000 
180.000 
200.000 

6.000 
200.000 
210.000 
220.000 
230.000 
240.000 
250.000 
260.000 
270,000 
280.000 
290,000 
800,000 
810.000 
820,000 
330,000 
331, 100 


Peraqoare 
inoo. 


Conpros- 
aion. 


Poundt. 


1,044 


Jn$h, 

0. 

.0004 
.0015 
.0040 
.0060 
.0072 
.0090 


.0092 
.0105 
.0120 
.0140 
.0182 
.0190 


.0212 
.0220 
.0280 
.0340 
.0200 
.0200 
.0320 
.0800 
.0410 
.0455 
.0520 
.0015 
.0695 
.0804 
.0U30 


Set. 


Samarlu. 


Inch, 


.0045 


.0100 


Ultimate  strenjzth. 


MORTAR    AND    COXCRETE 


CriiES    MADE    OF    NATIOSAL    PORTLAND 
CKMEST. 


The  cubes  were  made  in  January,  1880,  and  were  fortysix  months 
old  when  tested. 

The  bed  snrfaci*s  were  faced  with  plaster-of-paris,  and  they  were 
tested  between  8te«»l  cushion.^. 

Compression  inea.surements  were  taken  of  cubes  from  8"  to  16",  and 
recorded  in  the  det;uls  of  the  tests. 

The  average  crushing  resistance  of  the  cubes  was  as  follows :  For  the 
mortar,  2,707  pounds  per  square  inch;  for  the  concrete,  3,067  pounds 
per  square  inch;  the  strength  of  the  concrete  exceeding  that  of  the 
mortar  13.3  per  cent. 

Concrete  cube  No.  175  was  crushed  by  repeated  loiuling.  It  sustained 
800,000  pounds  (maximum  load  of  the  testing  machine)  when  first  ap- 
plied with  but  slight  injury,  a  few  cracks  being  opened. 

The  second  application  of  800,(X>0  |)ounds  increased  the  compression 
of  the  cube  from  ".0600  to  ".0665.  This  load  was  now  allowed  to  act 
ten  minutes,  which  farther  increased  the  compression  ".0087,  or  to 
'^0762  total  amount. 
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Under  the  third  applicatioD  of  load  the  cube  was  compressed  ''.0810, 
which  now  was  increased  to  ".0120  while  the  load  was  acting  ten  min- 
utes, the  total  compression  amounting  to  ".0930. 

Returning  to  the  initial  load,  5,000  pounds,  the  temporary'  set  was 
found  ".0650,  which  in  two  minutes  was  reduced  to  ".0535,  in  four  min- 
utes to  ".0532.    No  further  change  took  place  after  six  minutes'  rest. 

The  load  was  again  increased  the  fourth  and  final  time  to  800,000 
pounds.  The  total  compression  was  at  fiist  ".1020,  which  increased  to 
".1210  in  two  minutes'  time,  when  the  cube  rapidly  failed. 


CRUSHING  STBENGTH  OF   CUBES    OF  NATIONAL   PORTLAND 

MORTAR, 


CEMENX 


[Compoaition— 1  part  cement  paste,  3  parts  sand.] 


I     I 


o 
6 


Nominal  dimensions. 


156 
157 


Actual  dimenaions. 
Length.       Compressed  snrfaoe. 


4"  cube 
...do.... 


158      &*  cnbe 
150   ...  do.... 


100 
161 

162 
168 

164 

165 


8"  cnbe 
...do.... 


W  cube 

do.... 


16"  cnbe 
—  do.... 


Inthsa. 
4.00 
4.05 

5.07 
5.03 

a  01 
8.18 

12.07 
12.10 

16.22 
16.12 


/ncAM. 
4.03 
4.02 

6.02 
6.00 

&08 
8.01 

12.00 
12.02 

16.12 
16.04 


InthiM. 
4.04 
8.08 

5.00 
5w86 

ao4 

7.00 

12.05 
12.00 

ft 

16.12 
16.08 


I 

6 


166 
167 


Cnshiona 


Steel. 
. . . .  do 


158  !...  do 
150   do 


100 
161 

162 
168 

164 
166 


do 
do 

.do 
do 

do 
do 


Thickness 
of  plaster. 


Cracks  in 
sight. 


Ultimate  strength. 


Inch, 
,11 
.05 

.12 
.06 

.12 
.12 

.08 
.05 

.02 
.08 


PoicimU. 
58.800 
52,600 

00.800 
01,200 

168,000 
150,000 

857,400 
845^600 

650.000 
654,500 


Total. 


56,800 
52,600 

00.800 
01.200 

168,000 
160,000 

897,400 
845,600 

650.000 
654,500 


Per  sanare 
incD. 


Pound: 
8,612 
8,287 

2,767 
2.542 

2,586 
2,870 

2,472 
2,806 

2,501 
2,588 


8q,  ineht. 
16.28    \ 
16.00 

36.06 
35.88 


64.06 
68.28 

144.60 
144.24 

250.85 
257.02 


Weight 

per  oabio 

fool 


PmmdM. 
120.0 
110.0 

iiai 
11a  5 

117.0 
117.8 

i2a8 

124.2 

ll&O 
117.6 
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No.  161. 

Length,  8".13. 

Compressed  surface,  8''.01x  7".90 =63.28  square  iuches. 

Weight,  35  pounds. 

Total  thickness  of  plaster,  'M2. 


Applied  loads. 

1 

Remarks. 

Total. 

Per  BQ  nare 
inon. 

■ion.       j       ^^^ 

1 

PoundB. 

1,000 

6,000 

10,000 

20,000 

80,000 

40,000 

60,000 

1,000 

60,000 

80,000 

70,000 

80,000 

90,000 

100,000 

1,000 

100,000 

110,000 

120,000 

180,000 

140.000 

160,000 

1,000 

160,000 

Poundt. 

Ineh, 
0. 

Inch, 

nitimate  strength. 

-1 

.0030 
.0045 
.0065 
.0076 
.0088 
.0100 

.0032 

.iioo 

.0110 
.0120 
.0180 
.0140 
.0162 

.0046 

.0168 
.0166 
.0180 
.0198 
.0220 
.0250 

.'ooio' 

2,870 

.0310 
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No.  162. 

Lengtb,  12''.07. 

Compressed  surface,  12^' x  12^^05=144.60  sqaare  inches. 

Weight,  125  poands. 

Total  thickness  of  plaster,  ".08. 


Applied  loads. 

Compres- 
•ion. 

Set. 

Totel. 

Per  sanftre 
incn. 

Pound*. 

5,000 

10,000 

20,000 

40,000 

00,000. 

80,000 

100,000 

5,000 

100.000 

Pottndf. 

Inch, 

0. 

.0010 
.0015 
.0028 
.0040 
.0048 

Inch, 

intiiiMte  ettengtb. 

••         >•••••«■ 

"••"•■  •••••• 

.0058 

.0029 

.0082 
.0070 
.0075 
.0082 
.0090 
.0102 

120,000 

!      140,000 

100.010 
180,000 
200.000 
5,000 
200,000 

.0081 

.0102 
.0115 
.0125 
.0140 
.0150 
.0108 
.0178 

220,000 

■*•■••■•••■ 

240.000 
280,000 
280,000 
200,000 
800,000 
5^000 

.0048 

800.000 

.0180 
.0100 
.0200 
.0210 
.0222 
.0242 
.0272 

810,000 
820,000 
880,000 
840,000 
860.000 
857,400 

2,478 

202       TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 


No.  163. 

Length,  12'MO. 

<3oiDpre86ed  sarface,  12'^02x  12^^=144.24  square  inches. 

Weight,  125^  pounds. 

Total  thickness  of  plaster,  .05'^ 


1 

Applied  loads. 

Compres- 
sion. 

Set. 

Kemarks. 

ToUl. 

Per  square 
inch. 

iVufulff. 
5,000 

PottfMb. 

Inch. 

0. 

.0002 
.0009 
.0020 
.0020 
.0038 
.0045 

Ineh, 

UltiiDate  strength. 

10.000 

20,000 

1        40.000 

60,000 
80.000 
100,000 
5.000 
200,000 
120,000 
140,000 
160.000 
180.000 
200.000 
5,000 
200.000 
220.000 
240.000 
260.000 
270.000 
280.000 

*ooib* 



............ 

.0045 

:oo57 

.0068 
.0078 
.0000 
.0102 

.0022 

.0107 
.0120 
.0182 
.0150 
.0159 
.0168 
.0180 
.0190 

* 

200,000 

800.000 

5.000 

800.000 

810.000 



.0050 

.0195 
.0210 
.0220 
.0235 
.0260 
.0290 

320.000 
880.000 

****  *  *  •  • •  • 

840.000 



845.600 

2,396 

1 

PHOTOGRAPH  OF  FRACTURED  CUBE  OF  NATIONAL  PORT- 
LAND CEHEHT  MORTAR  (No.  163). 
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No.  164. 

Length,  16^22. 

Oom pressed  sarface,  16^^12 xl6'M2=s259.85  square  inches. 

Weight,  283  pounds. 

Total  thickness  of  plaster,  ^^02. 


Applied  loads. 

Comproa- 
sion. 

Set. 

Remark*. 

TotoL 

Per  square 
incQ. 

Poundt. 

5,000 

10,000 

PoundM. 

Inch, 

0. 

.0002 
.0002 
.0008 
.0012 
.0020 
.0026 

Inch, 

20.000 

****** •••••• 

40,000 

• 

OU.00O 

80,000 

100,000 

5,000 

• 

.0015 

100,000 
1  JO.  000 

.0028 

.0031 
.0037 
.0042 
.0048 

140,000 

100,000 
180,000 
200,000 

5,000 
200,000 
220,000 
240,000 
280,000 
280.000 
800.000 

6,000 
800.000 
820,000 
840,000 
800,000 
380,000 
400.000 

6.000 
400.000 
420,000 
440,000 
400,000 
480,000 
600,000 

5,000 
600,000 
620,000 
540,000 
580,000 
680,000 
000,000 

6»000 
800,000 
810,000 
820.000 
880.000 
840.000 
850,000 



............ 

.0050 

• 

.0025 

.0055 
.0080 
.0084 
.0070 
.0076 
.0080 

Ultimate  strength. 

.0088 

.0085 
.0000 
.0090 
.0102 
.0110 
.0118 

.0052" 

.0120 
.0125 
.  0132 
.0140 
.0150 
.0100 

• 

.0070 

.0185 
.0172 
.0181 
.0188 
.0202 
.0216 

.0006 

.0230 
.0286 
.0242 
.0250 
.0200 
.0272 

2,601 

204   TESTS  OF  ISOH  AND  STEEL  AND  OTHER  MATEBUL8. 

No.  165. 
Length,  16".12. 

Comprcsaeil  snrface,  16".04xl6".08=257.92  eqnure  iuchea. 
Wei^'ht,  283  pouods. 
Totiil  tliickness  of  piaster,  ".08. 
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CONCRETE  CUBES  MADE  OF  NATIONAL  PORTLAND  CEMENT. 

No.  170. 

Length,  8'Ml. 

Compressed  surface,  8^^4x7^^99=64.24  square  inches. 

Weight,  43  pounds. 

Total  thickness  of  plaster,  'M3. 


Applied  loAcU. 

Compre*- 
sion. 

Set 

Remarks. 

Total. 

Peraqnare 
ineh. 

1 

;    Pcundt, 

1,000 

6,000 

10,000 

15,000 

1 

PowmU. 

Ineh. 

Or 

^IMA* 

Ultimate  strength. 

.0040 

•••-■        •••• 

.0045 

20,000  ; 

.0057 

25,000    1 

............ 

1,000 

'" 

^^uoo 

80,000 

,,,,  ,,  ...,| ...._.. 

.0065 



40,000 

.0070 

1        50,00o 

.0080 

'          1.000 

"*  .0042 

60,000 

60,000 

70,000 

80.000 

90,000 

100,000 

1,000 

100,000 

110,000 

120,000 

130,000 

140,000 

150.000 

160,000 

170,000 

180,000 

190.000 

106,500 

.0C8D 
.0085 
.0095 
.0102 
.0112 
.0120 

.0055 

.0125 
.0132 
.0145 
.0160 
.0175 
.0105 
.  (1220 
.0253 
.0300 
.0365 
.0480 

....       ..•- 

'"  "8,059 

206   TKST8  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


No.  171. 

Length,  8'M8. 

Compressed  surface,  8^^05x8'^03= 64.64* square  inches. 

Weight,  43  |K>unds. 

Total  thickness  of  plaster,  "M. 


Applied  loads. 

Compres- 
sion. 

Set. 

Remarks. 

■"^  """uiar* 

Poundt.    .    Ptmndi. 
1,000     

IndL 
0. 

Inch, 

5.000 
10,000 
20.000 
30.000 
40.000 
50,000 

1.000 

1 

.0010 
.0020 
.0032 
.0042 
.0052 
.0082 

."••■"•*■•"•• 

t 

•••••  ••••■• 

.0020 

60.000 
00,000 
70.000 

1 

.00«5 
.0072 
.008-i 
.0^95 
.0110 
.0125 

. 

80,000 

90,000 
100.000 

..... . 

Ultimste  strength. 

1,000 
100,000 
110,000 
120,000 
130,000 
UU,000 
160,000 
160,000 
170.000 
180,000 
190, 000 
198.600 

.0048 

.0132 
.0150 
.0170 
.0200 
.0225 
.0250 
.0275 
.0310 
.0350 
.0416 
.0480 

•  •  •  • 

••••«•«•         ■ 

i994 

1 
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No.  173. 

Length,  12"M. 

GompreHsecl  sarface,  12^^x12^^04=144.48  square  ioches. 

Weight,  143  pounds. 

TotaT  thickness  of  plaster,  'MO. 


Applied  loads. 

1 

Remarks. 

■ 

Total. 

Per  square 
inoh. 

Comproa-          q-^ 
aloii.              *^** 

1 
1 

Poundi. 

5,000 

10,000 

20.  QUO 

40.000 

60,  WW 

80.000 

100,000 

5,000 

100,000 

120,000 

140,000 

160,000 

180.000 

190.000 

'^00,006 

5.  OOO 

200,000 

210,000 

220,000 

230,000 

240,000 

250,000 

260.000 

270,000 

280,000 

290,000 

900  OOO 

5,000 

900.000 

810,000 

320.000 

880,000 

340,000 

850,000 

860.000 

865.000 

867.000 

Poundt, 

Ineh.      1 
0. 

.0010 

.0020    • 

Ineh. 

• 

.00J2 

.0042 

.0062 
.0065 

•  ••■  ■*•••• 

.0080 

.0065 
.0075 
.0085 
.0100 
.0125 
.0140 
.0155 

••••••  •••••• 

.OOM* 

.0i62 

.0180 

•  •••••          .   .    ■ 

.0195 
.0220 
.0240 
.0260 
.0280 
.0800 
.0325 
.0345 
.0872 

1 

1 

;  ,  .  . 

1 

.684fr 

Cnusks-iB  sights. 
UUImats  strength. 

•   •••                           «••• 

.0400 
.0420 
.0440 
.0472 
.0605 
.0546 
.0615 
.0676 
.0726 

'>••••••       m  ^m  9 

8.540 

* 
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No.  173. 

Length,  12'M0. 

Compressed  surfaoe,  12^' x  12'^03=144.36  square  inches. 

Weight,  143^  pounds. 

Total  thickness  of  plaster,  '^08. 


Applied  iMidi. 


TotaL 


Poundt. 

6.000 

10,000 

ao.000 

40,000 
90,000 
80.000 
100.000 
6.000 
100,000 
l:.0, 000 
140.000 
100,000 
180,000 
200,000 
6.000 
200.000 
2-20.000 
240,000 
260,000 
280.000 
300,000 
6.000 
300,000 
810.000 
320,000 
330.000 
340,  OUO 
360.000 
360,000 
370.000 
380.000 
390.000 
400.000 
410,000 


Per 

ino! 


ion. 


Compree- 
■ion. 


Poundi, 


2.840 


0. 

.0010 
.0028 
.0046 
.0068 
.0068 
.0078 


.0080 
.0067 
.0008 
.0108 
.0118 
.0180 


.0130 
.0140 
.0160 
.0170 
.0180 
.0200 


.0212 
.0222 
.0280 
.0242 
.0260 
.0275 
.0202 
.0312 
.0345 
.0380 
.0400 
.0500 


Set 


Jk  VW^M 


Bern  arks. 


.0040 


0060 


.0100 


Ultimate  strength. 
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No.  174. 

Length,  16'M1. 

Compressed  sarface,  16".06xl6".16=269.37  square  inches. 

Weight,  345  pounds. 

Total  thickness  of  plaster,  ^'.08. 


Applied  loads. 


Total. 


Poundt. 

5,000 
10.UOO 
20,000 
40.000 
80,000 
100,000 

S.000 
100.000 
140.000 
180,000 
200.000 

6,000 
200.000 
240,000 
280,000 
800.000 

6,000 
800,000 
840,000 
880,000 
400.000 

6b  000 
400.000 
420.000 
440.000 
400,000 
480.000 
600,000 

6b  000 
600.000 
520,000 
640,000 
600,000 
580.000 
800,000 

6,000 
800,000 
610,000 
620,000 
640,000 
660,000 
660,000 
670,000 
680,000 
680,000 
700,000 
710,000 
720,000 
780.000 
788.000 
740.000 
747.000 


I  Per  aquare 


aou 
ion. 


Comprea- 
sion. 


ino! 


Pounds, 


2,880 


Jn«A. 

0. 

.0002 
.0008 

.0018 
.0080 
.0086 


.0087 
.0060 
.0062 
.0060 


.0106 
.0120 
.0186 
.0148 


.0220 
.0281 
.0246 
.0260 
.0278 
.0800 


.0840 
.0860 
.0866 
.0876 


Set 


Remarka. 


S.  Ex.  36 14 


.0070  I. 

.0060  ! 

.0096  I. 

.0102  !. 


.0162  ' 

.0162 

,0170 

.0182  . 

.0108 

.0210 


.0410  ' 

.0436  i. 

.0466  . 

.0902  . 
.0685 

.0660  , 
.0610 

.0710  . 
.0770 

.0820  ! 


Ineh, 


0020 


.0080 


.0042 


.0060 


.0086 


.0182  I 


Craoka  la  nigkt. 


Ultimate  atrength. 
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No.  175. 

Length,  16'M6. 

Gonipressecl  surface,  16^M7  x  16^^08=260.01  square  inches. 

Weight,  352  poands. 

Total  thickne8S  of  plaster,  '^08. 


Applied  load*. 


ToUl. 


Per  eqnAre ' 

iDOO. 


Compres-  i       g^^ 


aion. 


BMnarkH. 


Pounda, 

5,000 

10,000 

20,000 

40.000 

80,000 

100.000 

6,000 

100,000 

140.000 

180.000 

aoo.000 

6,000 
200.000 
240,000 
280,000 
800,000 

5,000 
300.000 
840.000 
880,000 
400.  COO 

5.000 
400,000 
440,000 
480,000 
500.000 

5,000 
500.000 
540.000 
580,000 
600.  OCO 

5.000 

eoo.ooo 

610.000 
620.000 
630.000 
650,000 
660,000 
670. 000 
680,000 
690.000 
700,000 
710.000 
720,000 
730,000 
740,000 
750,000 
760,000 
770.000 
71-0, 000 
790.000 
705,000 
800,000 

5,000 
100,000 
200,000 
300,000 
400,000 
600,000 
600,000 
700,000 
800,000 

5,000 
400.000 
600,000 
700.000 


Pounda. 


Inch. 

0. 

.0005 
.0012 
.0020 
.0030 
.0039 


.0040 
.0050 
.0060 
.0065 


.0067 
.0075 
.0088 
.0092 


.0096 
.0110 
.0120 
.0130 


.0135 
.0150 
.0162 
.0175 


.0335 
.0380 
.0420 
.0450 
.0480 
.0610 
.0540 
.0600 


.0520 
.0570 
.0610 


.0182  '. 

.0202  i. 

.0222  i 

.0340  I 


.0258 

.0268  I 

.0272  ' 

.0280  i 

.0290  I 

.0300  I 

.0305  i 

.0315 

.0330 

.0348 

.0358 

.0365 

.0875 

.0390 

.0405 

.0430 

.0448 

.0465 

.0490 

.0610 

.0580 


I' 


Inch. 


.0020 


.0030 


.0039 


.0050 


0068 


0095 


.0270 


.0320 


Cracks  in  sight. 
Do. 
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Applied  loada. 

1 
1 

Compres- 
sion.     1 

Set. 

Remarlcs. 

ToUl. 
Poundi. 

Per  maare 
,      incn. 

1 

Poundt, 

Inch.      1 
.0665 
.0692 
.0720    , 
.0730 
.0740 
.0752 

Ineh. 

• 

After  anstsinln;  loud  2  minates. 
After  sastaining  load  4  minut*^ 
After  suHtainiDg  ]o-m\  6  minotes. 
Alter  sustainiDg  lond  8  minutes. 
After  sastaioing  load  10  minutes. 

After  2  minutes'  rest. 
A  fur  4  minnteH*  rest. 
After  6  minutes'  rest. 

After  sostaining  load  2  minates. 
After  sustaining  load  4  minutes. 
After  sustaining  load  6  minates. 
After  sustaining  load  8  minutes. 
After  sustaining  load  10  minutes. 

After  2  minutes  rest. 
After  4  minates  rest. 
After  6  minutes  rest. 

After  sustaining  load  2  minutes  the  cube 
then  rapidly  yielded  under  the  pressure 
and  went  to  pieces. 

800,000< 

i 

5,000< 

100.000 
200,000 
300,000 
400.000 
500.000 
600,000 

.0415 
.0410 
.0405 
.0406 

........>>•• 

.0500 
.0570 
.C610 
.0650 
.0680 
.0710 
.0740 
.0810 
.0850 
.0880 
.0800 
..0910 
*.0980 

* 

..•••a ...••• 

1      700,000 

800,000< 

5,000< 

100,000 
290,000 
800.000 
400,000 
500.000 
600,000 

.0550 
.0585 
.0532 
.0532 

**".6860  ' 
.0720 
.0770 
.0812 
.0850 
,0885 
.0930 
.1020 
.1210 

"•**••••"*•• 

700.000 

800,000 

3,077 

One  hoar  and  twenty  minutes  elapsed  from  the  time  the  maximum 
load  of  the  testing  machine  (800,000  pounds)  was  first  applied  and  the 
time  of  final  failure  of  the  cube. 
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No.  250. 
Length,  lO^.Ol. 

Compressed  sar&ce,  lO'^x  9^^80=98  sqnare  inches. 
Weight,  77  J  poands. 
Total  thickness  of  plaster,  'MO. 


Applied  loads. 


TotaL 


Poundt. 

5,000 

20,000 

40,000 

80.000 

100,000 

6.000 
100.000 
200.000 

6.000 
200,000 
800.000 

6.000 
800.000 
400,000 

6^000 
400,000 
440,000 
480.000 
600.000 

6.000 
600.000 
540.000 
680,000 
000,000 

6,000 
600,000 
820,000 
040,000 
860.600 


PerMuare 
inoo. 


Poundt. 


8.888 


ComprM- 
•ion. 


Inch, 
0.  ! 

.0088 

.0070 
.0180 
.0145 


.0148 
.0280 


.0805 

'.'iiio* 


.0485 
.0520 
.0660 
.0570 


.0602 
.0616 
.0682 


I 

.0880  I, 

.0420  .. 

.0457  . 

.0478  '. 


Set. 


Ineh. 


.0080 

.oioo" 


.0117 


.0148 


.0178 


Ultimate  strength. 


Failed  suddenly  without  warning. 

After  fracture  it  was  found  the  cube  had  a  stratum  of  coarser  materiat 
running  across  it,  parallel  to  the  bed  face. 
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No.  251. 
Length,  IC'.Ol. 

Oomprossed  snilhoe,  W  x  9"M  s  99.60  square  inches. 
Weighty  78^  pounds. 
Total  thickness  of  plaster,  '^09. 


Applied  UMids. 

GompiM- 
■Ion. 

Sot 

TUmirVi. 

Total. 

Pmrtaawe 

PmnmU. 

8^000 

90,000 

40,000 

80,000 

100,000 

8^000 

100,000 

900.000 

^000 

900^000 

300,000 

^000 

300,000 

400,000 

8^000 

'       400,000 

800,000 

8^000 

800,000 

8,000 

770,000 

800,000 

Pttmdi. 

JndL 

0. 

.0080 
.0069 

.0118 
.0189 

JflldL 

ft 

Opened  senm  alonf  ooo  oonMr. 
TSiitdlMontiiiaed. 

* 

.0048 

.0187 
.0990 

.0071 

.0998 
.0800 

.0000 

.0808 
.0800 

.0115 

.0800 
.0478 

.0187 

8^089 

It  was  thought  that  another  repetition  of  the  maximum  load  wonld 
have  caused  rupture. 

No.  252. 
Length,  W. 

Oompressed  snrfiMe,  W  x  9'^98s  99.80  square  inches. 
Total  thickness  of  plaster,  '^09. 


AppUedlond. 

Compre»> 
■ion. 

Set 

Bemarkg. 

Total. 

Peraqawe 
Inon. 

POUfUlf. 

6^000 

90,000 

40,000 

801000 

100,000 

6^000 
100.000 
900,000 

5^000 
900^000 
800.000 

6^000 
800^000 
400,000 

^000 
400,000 
800,000 

6^000 
844,000 

PoiMMto. 

0. 

.0040 
.0078 
.0188 
.0187 

Inek, 

mtiBAto  itaeBflh. 

.0088 

.0180 
.0»0 

.0088 

.0»0 
.0898 

.OUO 

.0898 
.0419 

.0189 

.0418 

.osao 

.0170 

8,468 

Oabe  had  strata  of  varying  ooarseneas. 
S.  Ex.  35 16 
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Ko.263. 
Length,  l(K^d2. 

Oompressed  sorfitoe,  ir'.a5xir'.00= 121.55  square  inohes. 

Weight,  105  poands. 

Total  thickness  of  plaster,  "A2. 


Applied  loads. 


ToUL 


5^000 
40,000 

a^ooo 

100,000 

5^000 

100,000 

900,000 

0^000 

too^ooo 


5^000 
900,000 

400,000 
5,000 
400.000 
600,000 
5,000 
500.000 
000,000 

^ooo 

000,000 
770,000 
701,000 


Pertqiure 


rtqiui 
IncA. 


0,506 


■fam. 


Ol 

.007S 
.0125 
.0158 


0154 


04U 


,0417 
0485 


.0075 


OUO    I 


015S 


.1 


0175    I 


0100 


0575 


Cndced. 

Ultiiiute  rtzmiKtli. 


No.  254. 
Length,  ll'^Ol. 

Gompreased  surface,  ll'UO  x  l(K'.96=121.e6  square  inches. 

Weight,  106 J  pounds. 

Total  thickness  of  plaster,  '^07. 


Applied  l<Mid«. 


Total. 


Pownd», 

5,000 

40,000 

80,000 

100,000 

5,000 
100,000 
200,000 

5,000 
200,000 
800.000 

5,000 
800,000 
400,000 

5,000 
400.000 
500,000 

5,000 
500.000 
000,000 

5,000 
000,000 
770.000 
785,000 


PerMoare 


orMU 
IndL 


Potmdi. 


6^452 


Comp 
•km. 


0. 

.0072 
.0122 
.0145 


.0150 
.0240 


.0242 
.0808 


.0812 
.0880 


.0880 
.0450 


.0456 
.0580 


0540 


Set. 


^MAn. 


0000 


0068 


.0105 


0120 


0140 


0156 


CrMked. 
Ultimate  strength. 


FHOTOORAPH  OF  11  IKCH  CUBE  OF  HAVERSTBAV  FKEE- 
BTONE  No.  2U,  AFTER  THE  TEST. 
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No.  255. 
Length,  1(K'.97. 

Gompressed  sarface,  ll''.00x  11^00=121^00  sqaare  laches. 
Weight,  104^  pounds. 
U  otal  thickness  of  plaster,  '^04. 


Applied  loads. 

Compree- 
«ion. 

Set 

Bemarki. 

Total. 

Per  tqa*re 
inob. 

POUfUlf. 

6,000 

40,000 

80,000 

100.000 

6,000 
100,000 
200.000 

6,000 
200,000 
800,000 

6,000 
300,000 
400,000 

6,000 
400,000 
500,000 

PowmU. 

Inch, 

a 

.0081 
.0146 
.0170 

Inek, 

Cracked, 
intiinate  strength. 

.0080" 

.0176 
.0270 

.0118 

.0272 
.0860 

.0140 

.0860 
.0420 

.0180 

.0426 
.0600 

6.000 

...... ...■•• 

.0178 

600,000 

1. ........... 

.0507 

000,000 

|. ........... 

.0676 

6^000 
000,000 
778.000 
770,200 

.0210 

...... 

.0680 


6,440 

1 

1 

No.  256. 
Length,  ir'.02. 

Compressed  surface,  irM0xir^05=s  122.65  square  inches. 
Weight,  106^  pounds. 
Total  thickness  of  plaster,  ^M4. 


Applied  loads. 

Compres- 
sion. 

Set. 

• 

Bemarks. 

Toul. 

Personare 
Incii. 

POttfldf. 

6,000 

40,000 

80,000 

100,000 

6^000 
100,000 
200,000 

6.000 
200.000 
800,000 

6,000 
800,000 
400.000 

6,000 
400.000 
500,000 

Paumdt, 

0. 

.0086 
.0120 
.0140 

Jnoh. 

Ultimate  strength. 

.0052 

.0140 
.0228 

.0078 

*"'  .0330 
.0800 

.0000 

.0810 
.0888 

.0182 
.'0180 

.0302 
.0500 

5,000 

500.000 

.0510 
.0800 

000,000 
5,000 

.0220 

800,000 

.0015 

780,000 

8.270 
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No.  267, 

Oompressed  sarfaoe,  12^^00  x  11^^95=143.40  sqnare  inches. 

Weight,  139^  pounds. 

Total  thickness  of  plaster,  .04. 


AppUedlMkU. 

Campre*- 
aioii. 

1 
Set 

Banukrks. 

ToteL 

PerMoan 

flMMUCff. 

5,000 

40.000 

80.000 

100.000 

6,000 
100,000 
200,000 

6^000 
900,000 
800,000 

6,000 
800^000 
400,000 

6,000 
400.000 
600,000 

6,000 
600.000 
000,000 

6,000 
000,000 
700,000 

6,000 
700,000 
800,000 

^000 

JPtoiMMto. 

0. 
.0096 

.0180 
.0186 

Cabe  did  not  tmotan.    Tested  in  »  ptar. 
See  No.  2001. 

.0066 

.0101 
.0288 

.0116 

.0288 
.0866 

.0185 

.0880 
.0490 

.0160 

.0426 
.0487 

.0170 

.0402 
.0666 

.0188 

.0600 
.0880 

.0202 

.0082 
.0080 

^670 

.0225 
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Na268. 

length,  12"M. 

Compressed  sorfoce,  12^00  xl2^'.00=144.00  square  inches. 

Weight,  138  pounds. 

Total  thickness  of  plaster,  'M9. 


Applied  IomU. 

CompTM- 
•ion. 

Set 

Total. 

Peraqiufftt 
Inon. 

PlMMMte. 

6^000 

40,000 

80,000 

100,000 

5^000 
100,000 
200,000 

6^000 
900,000 
800,000 

6^000 
800^000 
400,000 

0,000 
400,000 
000,000 

5^000 
500,000 
800,000 

6^000 
880,000 
700,000 

O^OOO 
700.000 
800,000 

5,000 

PoiMuto. 

IndL 

0. 

.0080 
.0110 
.0180 

Inok, 

1 

Cnbe  did  not  flnMtnre.    Teste    in  ft 

■ee  No.  9001. 
After  one  hoar  rest 

.0060 

.0180 
.0806  . 

*08ib** 

.0100 

.0070 

.0068 

.0270 
.0880 

.0088 

.0890 
.0870 

.0110 

.0870 
.0480 

.0198 

.0440 
.0600 

.0160 

i'ioi" 

.0610 
.0686 

.0180 
.0179 
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No.  80. 


13^'  hriekpier,  with  hlue»tan€  eaip  and  (oM. 

Total  height,  22''.58. 

Thickness  of  blaestone— cap,  2". 15 ;  base,  3''.60. 

Weight  of  brick- work,  154  pounds. 

Weight  per  cnbic  foot,  113  pounds. 

Sectional  area,  12''xl2''=sl44  square  inches. 

(Gauged  length,  22'^58. 


▲ppltodlonds. 

Compret- 
tion. 

Set 

BttBUffki. 

TotaL 

PeraqiuKn 
lii«ii. 

PoimMU. 

5^000 

10,000 

20,000 

80,000 

40,000 

60,000 

5.000 

60,000 

00,000 

70,000 

80,000 

90,000 

100,000 

5^000 

100,000 

110,000 

120,000 

180,000 

140,000 

160,000 

6.000 

150,000 

100,000 

170,000 

180.000 

180,000 

200,000 

6,000 

200,000 

210,000 

220,000 

280.000 

240,000 

250,090 

200,000 

PowndM, 

0. 

.0086 
.0060 
.0102 
.0126 
.0160 

Jim*. 

Snapping  sounds;  no  onoksin  sight. 
Cnoks  in  sight  in  three  oonnao. 
Ultimate  strength. 

.0042" 

.0152 
.0170 
.0102 
.0210 
.0230 
.0252 

•*"••""•*""• 

.0002 

.0200 
.0280 
.0288 
.0820 
.0800 
.0880 

.0112 

.0402 
.0428 
.0460 
.0480 
.0622 
.0505 

.0108 

.0600 
.0820 
.0082 
.0720 
.0790 
.0880 
.1030 

1.806 
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No.  260^. 
[Sapplementary  test  of  12"  oobes,  "Nw,  257,  268,  and  200.    Tested  as  a  pier.] 

Length,  36".06. 

Sectional  area,  143.24  sqoare  inches. 

Total  thickness  of  plaster,  '^36. 


Applied  loads. 

Compres- 
sion. 

Set 

TotaL 

Per  square 
incn. 

Potmds. 

8^000 

40,000 

80,000 

100,000 

8^000 
100,000 
200,000 

8^000 
200,000 
800,000 

8^000 
800,000 
400,000 

6^000 
400,000 
600.000 

8^000 
600,000 
000,000 

8^000 
000,000 
700,000 

6,000 
700,000 
748»000 

Poumd§. 

Inch. 

0. 

.0210 
.0060 
.0416 

AvVwfSe 

t 

CimokAinslglit. 
TTltiinate  strength. 

.0025 

.0428 
.0888 

.'ooii" 

.0088 
.0806 

'ooio" 

.0805 
.0942 

• 

.0060 

.0048 
.1076 

.0096 

.1080 
.1210 

.0112 

.1220 
.1870 

.0160 

.1400 

8^222 

Failed  suddenly  under  the  maximum  pressure,  with  a  loud  report. 
There  was  slight  warning  at  745,000  pounds  pressure  of  approaching 
&Uure,  as  indicated  by  more  rapid  compression  of  the  pier. 
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No.  83. 
V2"  brick  pier  tri(A  blaettont  cap  and  ia»«. 

Total  height,  21".98. 

Thickness  of  bluestone — cap,  3".00;  base,  3".10. 

Weight  of  brick  work,  147  poonds. 

WeiRbt  per  cubic  foot,  113  poaodet. 

SectioDal  area,  ll".75x  12".(>0=141  sqaare  iiichea. 

Gauged  length,  21".98. 


Appll^lo«d.. 

Set. 

.™„.. 

T"^       "■"to^h" 

isOM 

.COM 

ioiw 

S.000 

10.000 

1 

'■-'»■ 

Cneki  Muted  In  HOond  c« 
mUnuttostraiiUL 

neoTbrlob. 

-oozi 

!oiao 
.oim 

.oas 

:S 

.OMO 

.0080 

.tern 

.DUO 

•K 

iiig 

.OTM 
.WTO 

!lOM 

1. 780 

DIAGRAMS  OF  COMPRESSIVE  STRENGTH 


OF 


CEMENT,  MORTAR,  CONCRETE,  AND  FREESTONE 

CUBES  AND  PRISMS. 


S43 


12 


13 


7.-.C0MPEE8SIQV  OP  TEBBA  COTTA. 

[For  General  M.  C.  MeigB,  Sapervialng  Engineer  and  Arohlteot,  WMhington,*!).  C.] 

No.  1. 

Form  oj  fpectmtfii,  w\i\  approximate  dimemiom. 


-[ 

• 

I5,J0 


Light  colored  block. 

Weight,  64^  poauds. 

Sectional  area  (approximate),  156  square  inches. 

Tested  between  white-pine  cushions  2"  thick,  made  of  inch  boards, 
with  the  grain  crossing. 

At  28,000  pounds  load,  cracks  opened  at  one  edge. 

Ultimate  strength,  535,400  pounds  =  3,432  pounds  per  square  inch. 

The  cracks  observed  at  28,000  pounds  did  not  increase  in  length  as 
loads  were  added,  till  300,000  pounds  had  been  reached.  At  this  time 
the  block  was  very  generally  shelling  ofif  at  the  edges. 

From  300,000  pounds  to  the  maximum  load,  failure  in  detail  was  con- 
tinually going  on. 

No.  2. 

(Same  form  aa  "So.  1. 1 

Dimen^iona  of  block. 

Outside  diameter iuohes..  15.80 

Diameter  at  bottom  of  fluting do....  15.50 

Diameter  of  core do....  5.00 

Length do 5.55 

Weight ponndB..  68J 

Sectional  area  (approximate) square  inches. .  173 

Tested  between  2'*  pine  cushions,  in  the  same  manner  as  No.  1. 

At  47,000  pounds  pressure  a  surface  fire  crack  was  enlarged,  and  ex- 
tended along  the  length  of  the  block. 

Ultimate  strength,  592,300  pounds  =  3,424  pounds  per  square  inch. 

No  decided  injury  to  the  block  was  apparent  till  about  400,000  pounds 
pressure  was  reached,  when  it  began  to  flake  off  at  edges. 

Under  480,000  pounds  there  was  sudden  yielding,  which  it  immedi- 
ately recovered  from;  with  this  exception,  the  disintegration  of  the 
block  proceeded  gradually  till  the  maximum  load  was  reached. 
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1^0.  13. 

Terra  Cotta  Column. 

Column  composed  of  eight  terra  cotta  sections,  each  abont  ^"  long, 
and  with  fluted  outside  surface,  the  outside  diameter  of  the  terra 
ootta  being  about  15^''.  These  sections  were  cemented  together  and 
covered  with  cement,  making  the  total  external  diameter  16'^60. 

Fomi  of  specimen. 


t 


J6.1SO 

I 


eH^a^nt^        — • 


ec/nsmt 
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Weight,  671  pounds. 

Sectioual  area  (gross),  195.18  square  inches. 

The  ends  of  the  post  were  fitted  with  circular  cast-iron  plates  1} 
inches  thick,  16.60  inches  diameter.  The  outer  faces  of  the  cast-iron 
plates  were  convex  about  one-tenth  of  an  inch. 

To  secure  a  better  distribution  of  load,  brass  packing  was  used  be- 
tween the  cast-iron  plates  and  the  flat  compression  platforms  of  the 
testing- machine. 

CompresMon  measurements  were  taken  in  30  inches  gauged  length, 
equidistant  from  the  ends  of  the  post. 

Nails  driven  into  the  cement  shell  afforded  a  resting  place  for  the 
points  of  the  micrometer  gauge. 


Applied  loads. 


TotaL 


Pounds, 

10.000 

20.000 

90,000 

40.000 

50,000 

10,000 

00.000 

70.000 

80,000 

90,000 

l'.H),000 

10,000 

110,000 

120,000 

180.000 

140.000 

lAOOO 


172,000 


Peraonare 
inon. 


Potindt. 


Comprea- 
aion. 


881 


Jneh. 

0. 

.0010 
.0030 
.0094 
.0040 


.0064 
.0082 
.0100 
.0115 
.0188 


.0105 
.0188 
.0215 
.0248 


Set. 


Ineh, 


.0004 


.0012 


Ramarka. 


Cement  corering  flaked  off  15  per  cent,  of 

anrfaoe  of  terra  ootta,  micrometer  die* 

turbed. 
Ultimate  atrength. 
Ceuient  covering  continued  to  flake  off, 

ezpoelng  to  view  longitudinal  oracka  in 

the  terra  ootta  sections. 


Pressure  continued,  longitudinal  seams  opening  in  the  terra  cotta 
sections,  while  the  load  gradually  fell  to  160,000  pounds,  when  the  test 
was  discontinued. 


8.— CAST  IBON,  STEEL,  AND  BRONZE. 

G  UN  SPECIMENS. 

Steel  from  jacket  band  and  trannion  ring  for  3'^2  gun. 

Oast  iron  from  trial-cylinder  for  12^'  mortar. 

Oast  iron  from  12"  mortar. 

Steel  from  hoops  for  12"  mortar. 

Steel  from  tube  for  8"  breech-loading  rifle. 

Steel  from  hoops  for  8"  breech-loading  rifle. 

Steel  (Whitworth)  from  tube  of  Mann  gun. 

Oast-iron  from  breech  disc  10"  wire-wound  gun. 

The  following  kinds  of  teats  have  been  made :  Tension^  compression, 
crashing,  transverse,  tangential  or  bursting  and  hardness. 

The  tensile  specimens  were  cylindrical,  with  the  exception  of  four 
lectangular  bars  taken  from  12- inch  mortar  hoop  Bex. 

The  cylindrical  bars  had  threaded  ends  for  securing  them  in  dies, 
which  dies  were  clamped  in  the  hydraulic  jaws  of  the  testing  machine. 

Their  lengths  given  in  the  details  of  the  tests  are  for  the  parts  cylin- 
drical, or  from  neck  to  neck. 

Bectangular  bars  were  clamped  directly  in  the  hydraulic  jaws. 

Micrometer  readings  were  taken  of  the  elongations  and  sets  within 
the  gauged  length,  or  the  distance  from  neck  to  neck  of  the  specimen. 
These  readings  were  recorde<l  in  ten  thousandths  of  au  inch.  When 
near  the  close  of  a  test  the  micrometer  was  removed,  to  avoid  injury 
when  the  bar  broke.  The  elongations  from  this  point  to  the  close  of 
the  test  were  taken  with  common  dividers,  measuring  to  the  nearest 
hundredth  of  an  inch.  In  the  report  these  measurements  are  reduced 
to  elongations  and  sets  per  linear  inch  of  the  specimen. 

In  a  similar  manner  micrometer  readings  were  taken  of  the  compres- 
sion specimens ;  in  this  case  employing  a  gauged  length  from  one  to  two 
inches  shorter  than  the  length  of  the  specimen. 

The  transverse  bars  were  supported  at  the  ends,  and  loaded  at  the 
middle.  Deflections  and  deflection  sets  were  taken  at  the  middle  of  the 
bar,  and  are  reported  as  they  were  measured  in  ten  thousandths  of  an 
inch. 

The  modulus  of  rupture  for  cylindrical  bars  was  computed  by  the 

formula  R=  — . 

Where  P=load  in  pounds. 

{=length  in  inches  between  supports. 
;r=3".1416. 
r=: radius  in  inches. 
The  tangential  or  bursting  tests  were  made  with  cylinders  5"  long, 
3"  outside  diameter,  and  1"  bore. 

They  were  tested  in  the  attachment,  of  which  a  drawing  is  shown. 
This  attachment  consists  of  a  reservoir  and  piston,  three  studs,  and  a 
base  plate. 

The  reservoir  is  mounted  over,  and  held  at  a  fixed  distance  from  the 
base  plate  by  the  studs.  Between  the  reservoir  and  base  plate  is  placed 
the  test  cylinder.    Cylindrical  projections  enter  the  bore  of  the  test 
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cylinder  at  either  end;  that  from  the  reservoir  is  perforated  with  a 
-^i"  hole,  2^'*  long,  through  which  communication  is  established  with 
the  reservoir  chamber  and  the  bore  of  the  test  cylinder.  The  plug  at 
the  opposite  end  is  solid. 

Both  cylinder'and  reservoir  are  charged  with  the  straining  fluid.  The 
piston  of  the  reservoir  is  loaded,  and  forces  the  straining  fluid  through 
the  -^''  hole  into  the  cylinder.  JBy  employing  a  straining  fluid  capable 
of  perfect  transmission  of  pressure,  the  pressure  which  acts  upon  the 
piston  will  be  the  pressure  in  the  reservoir  chamber,  also  in  the  test 
cylinder  less  the  amount  of  the  packing  friction  of  the  piston. 

The  attachment,  it  is  seen,  keeps  the  length  of  cylinder  underpressure 
constant  throughout  the  test. 

The  hardness  of  the  metal  is  determined  by  means  of  the  indenting 
tool,  shown  by  the  drawing,  employing  indenting  pressures  of  10,000 
pounds,  according  to  the  method  thus  described  by  Major  Wade,  U.  S. 
A.,  in  his  report  on  the  strength  and  properties  of  metals  in  the  manu- 
facture of  cannon : 

<<The  comparative  softness  or  hardness  of  metals  is  determined  by  the 
bnlk  of  the  cavities  or  indentations  made  by  equal  pressures;  the  soft- 
ness being  as  the  bulk  directly,  and  the  hardness  as  the  bulk  Inversely. 

''The  form  of  the  indenting  part  of  the  tool  is  a  pyramid ;  the  sides  and 
opposite  angles  of  its  base  are  equal.  The  longest  diagonal  of  its  base 
is  1  inch;  the  shortest  .2;  and  the  height  of  the  pyramid  is  .1.  The 
planes  of  the  sides  intersect,  at  the  penetrating  edge,  at  an  angle  of  90^. 
The  unit  of  measure  adopted  in  representing  the  indentations  is  one- 
tenth  of  an  inch. 

10  V  2 
"The  area  of  the  base  of  the  indenting  tool= — ^=10  square  tenths, 

and  its  height  being  1,  the  cubic  content  of  the  pyramid  is  3.333  tenths. 
A  pressure  of  10,000  pounds  on  the  base  of  the  pyramid  makes  an  in- 
dentation, in  the  softest  metals  used  in  guns,  about  9  tenths  long.  The 
maximum  indentation  of  the  instrument,  3^  cubic  tenths,  is  therefore 
assumed  as  the  type  of  extreme  softness,  and  is  the  0  of  hardness." 

^^  Example  of  the  method  of  computation. 

"  Length  of  indentation =7.5. 

"Then,  as    length    10^ :  3.333:: (7.5)^ :  1.406=bulk;   and,  inversely, 
(7.6')  :  3.333::  103 .  7.901= hardness. 
"Or,  by  logarithms: 

"  For  bulk,  3.333 lo^..  0.5228787 

Divided  by  10»=1000 log..  :i. 0000000 

Conatant  log.  for  bulk 3.5228787 

Length  of  indentation  (7.5)» log..  2.6251839 

Bulk=1.406 0.1480626 

For  hardness,  103 log..  3.0000000 

Multiplied  by  3.33:1 0.5228787 

Constant  log.  for  hardness 3.5228787 

Divided  by  length  (7.5«) log..  2.6251839 

Hardne8S=7.901 *. 0.8976948" 

The  discrepancy  between  Major  Wade's  description  of  this  method 
of  determining  hardness  and  his  examples  of  the  method  of  computation 
will  be  readily  seen.  , 
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The  hardDess  of  specimtsDS  given  in  this  report  follows  the  examples 
givei),  hence  the  results  are  comparable  with  earlier  tests. 

The  behavior  of  the  metal  in  12''  mortar  hoop  Bex;  requires  special 
comment. 

From  this  hoop  were  cut  three  rings,  and  small  cylindrical  specimens 
taken  from  each  ;  al»o  from  the  first  and  second  rings  larger  rectangu- 
lar bars  were  obtained.  Advantage  was  taken  of  the  size  of  the  rect- 
angular  bars,  and  their  tests  were  made  in  a  more  exhaustive  manner 
than  is  possible  with  small  specimens. 

The  preparation  of  the  rectangular  bars  was  as  follows: 

After  the  small  specimens  M.  Bex  1,  2,  3,  and  4,  and  M.  Bex  5  and 
6  were  cut  out,  the  remaining  (nearly  semicircular)  pieces,  which  made 
the  rectangular  test  pieces,  were  heated  light  red  (no  scale),  and 
straightened  underpressure;  and  bars  l^os.  Ill  and  112,  marked  B.T., 
in  addition  to  other  distinguishing  marks,  were  retempered  and  an- 
nealed. 

The  bars  were  dressed  in  the  planer  to  the  finished  sizes.  The  cen- 
tral section  of  each  was  reduced  in  width  a  length  of  dCF' ;  on  this  30^' 
section  were  placed  three  micrometers;  one  instrument  covering  the 
entire  length,  one  covering  10''  from  the  neck  towards  the  middle  of  the 
bar,  and  one  covering  15"  from  the  opposite  neck  towards  the  middle 
of  the  bar. 

In  this  manner  the  bar  was  divided  into  three  sections  of  5,  10,  and 
15"  length,  and  the  elongation  in  each  of  these  sections  determined. 

It  seldom  happens  that  a  metal  is  found  so  nearly  uniform  in  strength 
that  there  is  no  appreciable  difference  in  the  elastic  limit  of  one  sec- 
tion over  another  in  the  same  bar. 

By  means  of  micrometer  measurements  on  different  sections  this  be- 
havior can  be  shown.  Examining  the  record  of  each  bar  we  find  that 
specimen  No.  110,  which  had  been  straightened  hot,  but  not  retempered 
and  annealed,  passed  the  elastic  limit  of  section  A  (30")  at  45,000 
pounds  per  square  inch.  The  total  permanent  set  after  this  load  was, 
".0005  in  30",  and  of  this  amount  ".0002  was  confined  to  section  C  (15"), 
and  none  in  section  B  (10") ;  hence  ".0003  was  in  the  5"  section  between 
sections  B  and  C,in  the  immediate  locality  where  fracture  finally  occurred. 

At  47,000  pounds  per  square  inch,  the  stretching  had  extended  into 
section  C,  and  the  elastic  limit  of  that  part  of  the  bar  was  then  passed. 
At  49,000  pounds  per  square  inch,  the  elastic  limit  of  section  B  was 
reached. 

Under  50,000  pounds  per  square  inch  tension,  the  rapid  stretching 
which  had  previously  been  extending  into  section  G,  now  changed  its 
direction  and  took  place  more  rapidly  in  section  B. 

The  total  permanent  sets  are  now — 

Inch. 

Section  A 1121 

Seoiion  B 0455 

Section  C 0331 

5"  section  between  B  and  C,  by  difference  ".0335. 

This  disposition  to  stretch  most  in  the  vicinity  of  where  the  bar  after- 
wards fractured  continued  through  the  test. 

The  contracted  areas,  measured  after  70,000  pounds  per  square  inch 
tension,  are  in  harmony  with  the  elongation  measurements,  in  showing 
the  maximum  contraction  and  elongation  are  confined  to  the  same  sec- 
tion of  bar. 

Longitudinally  this  bar  is  seen  to  vary  in  strength  ;  bars  are  also  met 
which  vary  in  strength  in  their  transverse  section,  examples  of  which 
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are  foand  in  the  manner  of  failure  of  bar  No.  1 11,  and  also  in  the  behav- 
ior of  bar  No.  112  during  the  test. 

The  appearance  of  the  fracture  of  bar  No.  110  is  granular,  radiating 
from  a  dull  suioky-colored  center.  Generally,  although  not  invariably, 
when  a  steel  bar  fractures  with  a  ra<iiated  nppearance,  the  center  of 
radiation  marks  the  point  where  the  fracture  began. 

Test  of  bar  No.  Ill, 

This  bar  was  straightened  hot,  then  retempered  and  annealed. 

Elongations  were  taken  with  three  micrometers  as  in  the  preceding 
test.  The  elastic  limit  was  first  passed  in  section  G,  at  40,000  pounds 
}>er  square  inch;  increasing  the  load  the  metal  in  this  section  was 
stretched  1.2  per  cent,  at  41,400  pounds  per  square  inch,  when  the  elas- 
tic limit  of  section  B  was  reached. 

The  load  on  the  bar  was  iucreiised  to  41,090  pounds  per  square  inch, 
which  it  sustained  a  period  of  3  minutes,  stretching  in  section  B  gradu- 
ally going  on  in  the  mean  time;  then  the  load  suddenly  fell  to  39,070 
pNonnds  per  square  inch,  as  stretching  proceeded  rapidly.  The  elonga- 
tion had  now  reached  .31  per  cent,  in  section  B,  while  the  metal  in  sec- 
tion G  remained  practically  unchanged. 

Stretching  continued  under  reduced  loads,  and  when  41,690  pounds 
per  square  inch  was  again  reached  the  stretch  was  .5  per  cent. 

It  will  be  observed  that  the  metal  in  section  G  has  stretched  over 
twice  and  a  half  the  amount  of  the  stretch  in  section  B,  and  yet  did  not 
develop  the  peculiar  behavior  of  the  latter  section. 

The  metal  in  each  section  continued  to  elongate  until  45,000  pounds 
per  square  inch  tension  was  reached,  when  the  metal  in  section  B  again 
elongated  rapidly,  accompanied  by  a  sudden  fall  of  the  load  to  43,140 
pounds  per  square  inch.  After  recov^'ring  from  this  fall  in  load,  the 
stretch  was  regular  for  the  remainder  of  the  test. 

The  contraction  after  60,000  pounds  per  square  inch,  is  seen  to  range 
from  2.9  to  3.8  per  cent,  at  different  points. 

The  bar  fractured  in  section  G,  where  rapid  stretching  first  took  place. 

The  manner  of  failure  showed  the  strength  of  the  bar  to  vary  in  its 
transverse  section,  as  fracture  began  at  one  edge  (the  inner  edge  of  the 
hoop)  anil  gradually  separated  about  one-third  the  metal,  which  had  a 
fine  silky  appearance;  the  balance  of  the  fracture  took  place  suddenly, 
and  had  a  granular  appearani'>e,  radiating  from  the  silky  portion  of  the 
fractured  surface. 

The  metal  along  the  silky  edge  stretched  ^MO  less  before  rupture  than 
the  opposite  edge. 

Test  of  bar  No,  1 12. 

This  bar  was  straightened  hot,  then  retempered  and  annealed. 

Elongations  were  taken  with  three  micrometers,  as  in  the  preceding 
test. 

The  elastic  limit  of  section  A  was  passed  at  41,000  ponmls  per  square 
inch,  the  elastic  limit  of  section  B  at  42,000  pounds  per  square  inch. 

The  load  now  fell  to  38,526  pounds  per  square  inch,  while  rapid 
stretching  took  place  in  section  B;  thus  showing  the  behavior  observed 
in  the  other  retempered  annealed  bar. 

When  the  load  had  recovered  to  42,000  pounds  per  square  inch  the 
elastic  limit  of  section  G  was  passed.  Increasing  the  load  1,000  pounds, 
to  43,000  pounds  per  square  inch,  the  load  fell  a  second  time.  On  this 
occasion  the  rapid  stretching  occurred  in  section  G. 
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The  load  was  increased  to  46,000  pounds  per  square  inch,  when  it 
again  fell,  going  to  43,230  pounds  per  square  inch,  from  which  it  recov- 
ered to  43.480  pounds  per  square  inch,  and  again  fell  off  to  42,510 
pounds  per  square  inch,  the  metal  in  section  B  yielding  on  these,  the 
third  and  fourth  occasions. 

The  remainder  of  the  test  was  not  marked  by  further  behavior  of  this 
kind.  Another  peculiarity,  however,  was  shown.  The  stem  did  not 
draw  straight  between  the  heads  of  the  bar  during  the  progress  of  the 
test  with  loads  above  the  elastic  limit,  notwithstanding  the  heads  were 
rigidly  clamped  in  the  jaws  of  the  testing  machine,  so  that  no  move- 
ments at  the  ends  occurred. 

The  bar  was  examined  after  the  first  rapid  stretch  had  taken  place 
and  the  load  had  recovered  to  40,100  pounds  per  square  inch.  It  was 
now  concave  ".005  along  the  inside  edge  (D  E)  of  the  hoop. 

After  the  second  rapid  stretch,  and  while  sustaining  40,340  pounds 
per  square  inch,  the  stem  was  again  examined,  and  now  found  concave 
along  the  inside  edge  at  end  B  and  convex  along  the  same  edge  at 
end  C. 

Sectional  areas  and  ordinates  were  measured  after  the  fourth  fall  of 
the  load.  The  contraction  of  area  was  greatest  at  end  B,  near  the 
neck,  no  contraction  having  yet  taken  place  at  the  middle  of  the  stem. 
This  contraction  at  the  ends  would  make  the  bar  appear  convex  on  all 
its  faces,  if  otherwise  uninfluenced. 

The  ordinates  show  the  bar  sufficiently  out  of  line  to  counteract  the 
influence  of  unequal  contraction  and  make  it  concave  along  the  outside 
edge  of  the  hoop,  and  also  show  the  distortion  took  place  unequally 
along  the  different  lines. 

From  this  time  till  the  close  of  the  test  the  points  of  maximum  con- 
vexity and  contrary  flexure  were  observed  to  shift  their  position  along 
the  length  of  the  stem,  as  the  metal  in  one  part  of  the  bar  yielded  more 
readily  than  adjacent  portions. 

Test  of  bar  No.  113. 

This  bar  was  straightened  hot,  but  not  retempered  and  annealed. 
The  elastic  limits  of  the  different  sections  were  as  follows  u 

Pounds  per  square  inch. 

Section  A 47,000 

Section  B 50,000 

Section  C 50,000 

This  bar  developed  the  same  peculiarities  just  before  its  rupture 
which  were  observed  in  the  retempered  and  annealed  bars  immediately 
after  they  had  passed  their  elastic  limits ;  t.  e.,  the  load  would  fall  and 
the  bar  continue  to  stretch  under  loads  below  that  which  it  had  pre- 
viously sustained. 

*        Remarks  on  the  tangential  test  of  cast-iron  cylinder  XJ,  page  — . 

The  first  test  of  the  cylinder  was  made  with  a  mixture  of  beeswax  4, 
tallow  1,  as  the  straining  fluid. 

The  total  volume  ns^  was  6.71  cubic  inches,  of  which  3.06  cubic 
inches  were  in  the  bore  of  the  test  cylinder  and  3.65  cubic  inches  in  the 
reservoir  chamber. 

Loads  were  gradually  applied  to  the  piston  and  its  movement  meas- 
ured as  it  entered  the  reservoir;  also  the  expansion  of  the  external 
diameters  of  the  cylinder  for  each  increment  of  load. 


/ 
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The  diameters  were  taken  in  one  plane  and  at  intervals  of  V^. 

With  10,000  ponnds  per  square  inch  on  the  piston  the  middle  diame- 
ters of  the  cylinder  were  perceptibly  larger.  This  enlargement  of 
diameters  continued  as  higher  pressures  were  applied,  but  in  a  man- 
ner indicating  there  was  not  perfect  transmission  of  pressure  from  the 
reservoir  to  the  cylinder. 

The  diameters  should  have  increased  more  rapidly  as  the  elastic 
limit  of  the  cast  iron  was  passed,  but  up  to  30,000  pounds  per  square 
inch  on  the  piston  the  maximum  enlargement  of  diameter  only  reached 
''.0018. 

Under  higher  pressure  the  cylinder  was  covered  with  canvas,  and 
removed  when  returning  to  the  initial  load  for  the  purpose  of  deter- 
mining the  permanent  sets.  102,910  pounds  per  square  inch  were  ap- 
plied to  the  reservoir  piston,  causing  a  permanent  set  in  the  cylinder 
at  the  middle  diameter  of  ".0021.  At  the  reservoir  end  the  diameter 
was  increased  ".0005,  while  at  the  lower  end  there  was  no  appreciable 
expansion. 

The  cylinder  was  removed  from  the  attachment  and  the  ^"  hole  at 
the  bottom  of  the  reservoir  chamber  sealed. 

The  piston  was  then  loaded  and  its  movement  measured. 

Comparing  the  piston  movement  with  both  chambers  in  communica- 
tion, and  with  the  reservoir  alone,  we  form  this  table. 


Piston  moTeinent  with- 


Loads  per  '  Hesof voir  and  cvlind«r 
sqaare  inch !            oonnectea. 
on  piston. 

Total       Successive 
'movement,  movement 


1,000 
10,000 
15,000 
20,000 
30.000 
40,000 
50,000 
60,000 
77, 610 


Inch. 
0. 

.145 
.230 
.275 
.360 
.420 
.470 
.520 
.590 


Reservoir  alone. 


Total       Successive 
movement,  i  movement. 


Inch. 
0. 

.145 
.085 
.045 
.085 
.060 
.060  , 
.050    » 

.070  ; 


Inch, 
0. 

.060 
.100 
.130    I 
.180    > 
.280 
.270 


Jneh. 
0. 

.060 
.040 
.030 
.050 
.050 
.040 


The  successive  piston  movements  when  reservoir  and  cylinder  are 
connected  show  a  decided  change  at  30,000  pounds  per  square  inch. 
From  this  load  onward  the  rate  of  movement  corresponds  closely  with 
the  piston  movement  when  the  reservoir  alone  was  used. 

The  piston  movement  in  the  latter  case  represents  chiefly  the  com^ 
pression  of  the  wax  and  tallow,  and  from  the  correspondence  in  piston 
movement,  it  is  inferred  that  the  flow  of  wax  through  the  -^q-  inch  aper- 
ture from  reservoir  to  cylinder  nearly  ceased  with  a  load  between  30,- 
000  and  40,000  pounds  per  square  inch  on  tlfe  piston ;  and  although 
over  100,000  pounds  per  square  inch  was  applied,  the  wax.  refused  to 
flow  through  the  -^g  inch  hole  when  the  difference  in  pressure  at  the  two 
ends  amounted  to  about  60,000  pounds  per  square  inch. 

That  the  wax  did  not  transmit  the  pressure  beyond  a  certain  amount, 
is  further  shown  by  the  behavior  of  the  cylinder  when  charged  with 
water.  A  pressure  of  37,210  pounds  per  square  inch  was  applied, 
which  caused  a  permanent  set  in  diameter  of  ".0034,  against  the  perma- 
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nent  set  of  ".002L  when  wax  whh  a»e6,  witli  102,910  poands  per  sqaare 
iuch  OD  the  piston. 

Copper  cbecks,  witb  the  lips  brought  to  a  thin  edge,  made  good  joints 
when  wax  and  tallow  was  used  in  the  cylinders.  Leather  cup  shaped 
packings,  reeuforced  with  copper  checks,  were  employed  for  sealing 
water,  oil,  and  glycerine. 

Leather  alone  was  found  capable  of  sealing  water  under  pressures 
above  78,UOO  pounds  per  square  inch  on  a  piston  closely  fitting  the  bore 
of  a  stout  cyliuder.  When  the  cylinder  is  to  be  strained  lieyond  its 
elastic  limit,  a  copper  check  of  triangular  cross-section  placed  behind 
tbe  leather  (as  shown  by  the  sketch)  proved  effectual  in  preventing  the 
leather  packing  from  blowing  out. 
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STEEL  FROM  JACKET,  BAND,  AND  TUUNNION  RING  FOR'S'.OZ  GUN  FROM 

MID  VALE  STEEL  WORKS. 

MANNER  OF  PBEPARINa  SPECIMENS. 

A  riug  14  inches  thick  was  cut  from  one  end  of  the  jacket. 

From  this  ring  were  planed  four  pieces  1|  inches  square  by  5^  inches 
long.    Their  location  is  shown  on  the  following  diagram. 

From  these  pieces  were  turned  two  samples  for  tension  and  two  for 
compr^^ion. 

The  tension  specimens  were  allowed  to  remain  5^  inches  long,  the  ex- 
cess over  5  inches  being  added  to  the  shoulder  next  the  screw  portion. 

They  were  marked-'i^and  V« 

The  compression  specimens  were  turned]cylindncal,  ^'.798  diameter  by 
5  inches  long.  The  lathe  center  marks  were  carefully  removed.  They 
were  marked  Y  and  ^t^. 


^, 


^ac^ei,  S.Z'^^nc^ 


SEx36491 


— I 
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No.  28. 


T&nfdon  test 


Marks  on  Hpecimen  J^E 

Length,  2".0(). 

Diameter,  ''.564. 

Sectioual  area,  .25  square  inch. 


Applied  loads. 


I 


Pound*. 

•  250 

l,2fi0 

2,500 

2,730 

8,000 

8,250 

8,500 

8.750 

4,000 

4,250 

4.500 

4,760 

6,000 

5,250 

5,500 

6,750 

6,000 

6.250 

6,5iH) 

6.750 

7.000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,  .^00 

8,750 

9,(00 

0,250 

0,500 

0.750 

10,000 

250 

10,260 

10,500 

10, 750 

11,000 

11,250 

11.500 

11,750 

12,000 

12,250 

12,500 

250 

12,750 

13,000 

13.25( 

13.600 

18, 750 

14.000 

14. 250 

14,500 

14,750 

15,000 

250 

15,250 

15.500 

15,750 

16.000 

16,250 

16,500 

16^750 


Per  sqaare 
inch. 


Poundn. 

1,000 

5,000 
10,000 
11.000 
12.000 
18.000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24.000 
23,000 
26.000 
27,000 
28,000 
20,000 
80,000 
81,000 
82.000 
88,(100 
84,000 
35,000 
36,000 
87.000 
88,000 
80.000 
40. 000 

1,000 
41.000 
42,000 
43,000 
44.000 
45,000 
46, 000 
47. 000 
4-.  000 
40.000 
50,000 

1,000 
51.000 
62.000 
5.'^0OU 
54,000 
55,000 
56,000 
.•47.000 
58,000 
59.000 
60,  (KM) 

1,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 


PermaiieDt 
set. 


Saooes- 

sive  per- 

maoent 

aet. 


Remarka. 


Ineh. 

0. 

0. 

.0005 
.0005 
.0005 
.0005 
.0006 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0007 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0012 
.0012 
.0012 
.0012 
.0012 
.0012 
.0015 
.0015 
.0016 
.0015 


.0015 
.0015 
.0015 
.0017 
.0017 
.0017 
.0017 
.0017 
.0020 
.0020 


.0020 
.  0020 
.  0020 
.  0022 
.  <H)27 
.0035 
.0040 
.0045 
.0050 
.0060 


.0070 
.0080 
.0085 
.0095 
.0100 
.0110 
.0120 


Inch. 


Ineh. 


0005 


Ineh. 


0. 
0. 
0. 
0. 

0*. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.1 
0. 
0. 
0. 
0. 
0. 
0. 

.1 
0. 
0. 
0. 
0. 
0. 

.1 
0. 
0. 
0. 


0002 


0008 


0002 


0003 


0. 
0. 
0. 

0*. 
0. 
0. 
0. 

. 
0. 


0002 


0003 


0. 
0. 
0. 


0002 
0005 
00V8 
0005 
0005 
000 ") 
0010 


.0035 


0010 
0010 
0005 
0010 
0006 
0010 
0010 


Elaatio  limit. 


0085 
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Applied  loads. 


Total. 


Per  square 
inon. 


I  I 

Elongatton   ?i"?J^J®  Pennanent   siTeper 


Pounds. 

17,000 

17,250 

17,500 

18,000 

18,500 

10, 000 

19.500 

20,000 

250 

:X),500 

21,000 

21.5U0 

2A000 

22,500 

23.000 

23,500 

24,000 

24,500 

25, 000 

25, 500 

0 

Poundt. 
68,000 
69,000 
70,000 
72,000 
74,000 
76,0i>0 
78,000 
80,000 
1,000 
82,000 
84, 000 
86,000 
88,000 
90,000 
92, 000 
94.000 
06,000 
98,000 
100,000 
102,000 
0 


set. 


manent 

set. 


Remarks. 


Inch. 
.  0130 
.0140 
.0150 
.0165 
.0185 
.0210 
.0235 
.0255 


.0*185     ' 
. 0310    I 
. 0345    , 
.0385 
.0415    ' 
.0465    . 
.0515    ' 
.0570 
.0655 
.  078U    , 
.1130 
.1300 


Inch. 
.0010 
.0010 
.0010 
.0015 
.0020 
.0025 
.  0025 
.0020 


Inch. 


Inch. 


I 


.0215  .0180 

.0030     1 !  

.0025    J • 

.0035    ' I 

.0040     I 

.0030     I ' 

.0u50      i   

.0050     ' {   

.0055         

.0085      '   

.0125    ' i 

.0350     Ultimate  strength. 

..   ' Elongation     ait^r 

I  fiacture. 


General  aumvuiry. 

Tensile  strength  per  square  inoh  of  original  section   pounds..    102, OOo 

Elastic  limit  per  84) uare  inch  of  original  section    do —      54,000 

£loni!atioa  per  inoh  aft^^r  rupture     .fuch..      0. 1300 

IBlongation  per  inch  under  strain  at  elastic  limit do...        .0022 

deduction  in  diameter  at  )Miint  of  rupture    do...  .064 

Seduction  in  area  after  rupture,  per  centum  of  original  section .  21. 6 

Position  of  rupture ".75  from  curve  of  nock. 

Character  of  broken  surface granular,  80  per  cent ;  dull  smoky  spot,  20  per  cent. 

No.  29. 

Tension  test 

Marks  on  speciiueu,  J2  E 

Length,  2".00 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads.         , 

-  — -; Elongation 

Persqnnre;   P«r  inch. 


Total. 


Poundt. 

250 

1,250 

2,500 

3.750 

5,000 

6.250 

7,500 

8,750 

10,000 

250 

10.  250 

10,500 

10,750 

11,000 

n,250 

11,500 

11,750 

12,000 


an. 


inc 


Pounds. 
1,000 
5,000 
10. 000 
15.000 
20.0U0 
25,000 
30.000 
35,000 
40, 0<»0 
1.000 
41,000 
42.  000 
43.000 
44,000 
45.000 
46,  0('0 
47,000 
48,000 


Itich. 

0. 

0. 
.0002 
.  0U05 
.0005 
.  0U07 
.0010 
.0012 
.0015 


.0015 
.0017 
.  0020 
.0020 
.0020 
.  0020 
.0022 
.0022 


Succe8Rive 

ulou^Mtiou 

per  inch. 


Permanent 
set. 


SocccA- 
sive  per- 
manent 
set. 


Remarks. 


Inch. 


0. 


0002 
0003 

0002 
00U3 
0UU2 
0003 


0. 


0002 
0003 


0. 
0. 
0. 

I 

0! 


0002 


Inch.       I  Inch. 


I 

(  

I 

I 

.0    

I 
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Applied  loade. 


Sncoes- 


Total. 


Pounds. 
12,260 
12,500 

250 
12,750 
13,000 
13,260 
13,5U0 
13, 750 
14,000 
14.260 
14,5110 
14,750 
15,000 

250 
15.250 
15,  500 
15,750 
16.000 
16,250 
16,500 
16,750 
17,000 
17.250 
17.500 

250 
17,750 
18,000 
16,250 
18,500 
IK.  730 
19,000 
19.250 
19,500 
19,750 
20,000 

250 
20,500 
21.000 
21,500 
22,000 
22,500 
23.000 
23.500 
24,000 
24,500 
25,000 
25.500 
26,000 

0 


Per  sqaare 
Id  on. 


Poundi, 
49,000 
60,000 

1,000 
51.000 
62,000 
53,000 
54.000 
55.000 
56,000 
57,000 
58,000 
59.000 
60.000 

1,000 
61.000 
62.000 
63.000 
64,000 
65.000 
66,000 
67,000 
68,000 
69,000 
70.000 

1,000 
71,000 
72.000 
73,000 
74,000 
75.000 
76,  OnO 
77,000 
78,000 
79.000 
80,000 

1.000 

82.000 

84.000 

80,000 

88,000 

90,000 

92,000 

94,000 

96,000 

98,000 

100,000 

102,000 

104,000 

0 


^^?fif^°  I  e.»S :  ^«™*»""  i7„Ki- ! 


per  inch. 


Inch.       I 
.0022 
.0022 


per  inch. 


Inch. 
0. 
0. 


set. 


.0022 


.0060 
.0070 
.0080 
.0090 
.0097 
.0100 


.0110 
.0125 
.0135 
.0145 
.0155 
.0165 
.0175 
.0185 
.0195 
.0210 


.0230 
.0260 
.0285 
.0315 
.0350 
.0395 
.0435 
.0475 
.0535 
.0500 
.0690 
.0840 
.0900 


0. 


.0022 

0. 

.0022 

0. 

.0025 

.0003 

.0025 

0. 

.0025 

0. 

.0025 

0. 

.0025 

0. 

.0027 

.0002 

.0027 

0. 

.0027 

0. 

.0035 

.0008 

.0045 

.0010 

.0055 

.0010 

.0005 
.0010     I 
.0010     , 
.0010 
.0007     ' 
.0003 


.0010 
.0015 
.0010 
.0010 
.UCIO 
.0010 
.0010 
.0010 
.0010 
.0015 


.0020 

.0030 

.0025    t 

.0030     ' 

.0035 

.0045 

.0040 

.0040 

.0060 

.0055 

.0100 

.0150 

.0060 


manent 
set. 


Remarks. 


JncA.     Ineh. 

1 

.0 

.••••••••••.  1              . 

•  •  •  •--• -••••• 

, 

■••**•'••"••  •"•••••••• 

.._.. ......   _.__- 

! 

.0005- 



*'."6o6^ 

1 

...... ......1  - 

* 

••>>>>>>■. 

.0070 

.0065 

.  - . . 

......  ..... 

.  0165    .  0095 

1 



............  ......... 

1 

Elastic  limit. 


Ultimate  strenii^h. 
Elongation  at  ftuc- 
ture. 


General  summary. 

Tensfle  strength  per  square  inch  of  original  section pounds. .    104, 000 

Elastic  limit  per  souare  inch  of  original  section do  ...      61. 000 

Elongation  per  inch  after  rupture inch..      0.0900 

Elongation  per  inch  under  strain  at  (elastic  limit    do 0027 

Beduction  in  diameter  at  ]>oint  of  rupture  —  do.  - . .         .  034 

Reduction  in  area  after  rupture,  por  centum  of  original  section 11. 6 

Position  of  rupture ".35  from  curve  of  neck. 

ChAracter  of  broken  surface granular,  85  per  cent. ;  dull  smoky  spot,  15  per  cent. 
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No.  295. 

Compression  test, 

Marks  on  specimen  J^C 

Length,  5".(K>. 

Diameter,  ".798. 

Sectional  nrea  .50  nquare  inch. 


Applied  IomIm. 


Tof>-  i^'^urx"" 


Pounds. 

54*0 

1.(00 

1.500 

2.0U0 

2,50«i 

500 

*     8,000 

8,MU 

4,000 

4.500 

6.000 

500 

5.500 

8,000 

6,500 

7,000 

7.600 

500 

8,000 

8,500 

9,000 

9,500 

10,000 

500 

10,500 

11,000 

11.500 

12,000 

12,500 

500 

18,000 

18,500 

14,000 

14,500 

15,000 

500 

15,500 

16.000 

16,500 

17,000 

17,500 

500 

18,000 

18,500 

19,000 

19,500 

20,000 

500 

20.500 

21.000 

21,500 

22,000 

22,000 

600 

28,000 

23.500 

24,000 

24.500 

26,000 

500 

25.500 

26^000 

26,500 

27.000 

27,500 

600 


PoufuU. 

l.OUO 

2,000 

8,WI0 

4.000 

5,000 

1,000 

6,000 

7.000 

8,000 

9.  00<l 

10,000 

1,000 

11,000 

13.000 

13,000 

14.000 

1^000 

1,000 

16.000 

17.000 

18,000 

19.000 

20.000 

1.000 

21.000 

22,000 

23.000 

24,000 

25.000 

1,000 

26.000 

27,000 

28.000 

29,000 

30,00u 

1,000 

31,000 

32,000 

33.000 

34.000 

35,000 

1,000 

86.000 

37.000 

38,000 

39,000 

40.000 

1,000 

41,000 

42,000 

43,000 

44,000 

45.000 

1.000 

46^000 

47,000 

48,000 

49,000 

50,000 

1,000 

51,000 

62,000 

58,000 

54.000 

65,000 

1.000 


Compret- 

SlOD 

p«r  inch. 


Inch. 
0. 

.00005 
.00010 
.00015 
.00020 


SoccesMive 
comprM- 

siou 
per  iDob.  , 


.000*25 
.00030 
.000.15 
.00045 
.00065 


.00000 
.00065 

.owns 

.0<I085 
.00096 


.00100 
. 00105 
.OOllu 
.0<i120 
.00130 


.00145 
.00150 
.00155 
.00160 
.00170 

.00180* 
.00195 
.  002110 
.  00205 
. 00215 


.00225 
.00240 
.  O02.'i0 
.00255 
.00265 


.00355 
.00360 


.00365 
.00375 
.00390 
.00400 
.00405 


.00415 
.00425 
.00435 
.00445 
.00460 


Inch. 


.00005 
.00005 
.OOOO'i 
.00010 
.00010 


.00015 
.00006 
.00005 
.00005 
.00010 

.00010 
.00015 
.00005 
.00005 
.00010 


.00010 
.00015 
.00010 
.00005 
.00010 


.00270 

.00005 

. 002H5 

.00015 

.00295 

.00010 

.00305 

.00010 

.00310 

.00006 

.00315 

"  .06665" 

.00385 

.00020 

.00345 

.00010 

.00010 
.00006 


.00006 
.00010 
.00nl5 
.00010 
.00005 


.00010 
.00010 
.00010 
.00010 
.00015 


Sucoeaa- 
Permanent ,  ive  per- 
set.       I  manent 
set. 


Ramarka. 


00005 
00005 
00005  '. 
00005 


.00005  i 
.00005 

.00010  ' 

.00010  ! 

.00010  ■ 


.00005  ' 
.00005 
.00005 
.00010  , 
.00010 


Inch. 


.0 


—.00006 


Inch. 


..  t 


—.00005  I 


••••■• 

-^00606 

.0 

•  •■•     -•••• 

•«••».•■ 

—.00006" 

0."*" 

•  •      •  •  •  ■ 

-^00006 

0. 

->.  00005 

>••«••       • 

0000^  i  0. 


—w 00005 


0. 


-.00006 


—.00005 


.00000 


0. 


0. 


.00006 
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Applied  loads. 

Comprea* 

Sneoessire 

coiupres* 

slon  per 

inch. 

Permanent 
set 

Socceas- 
iTe  per- 
manent 
aet. 

Bemarks. 

Total. 

Persoaaro 
Incn. 

sionper 
incn. 

PcuHdt, 
28,000 
28.500 
29.000 
20.600 
80,000 

900 
80,600 
81.000 
81,600 
82.000 
82.600 

600 
88.000 
88,600 
84.000 
84.600 
86^000 

AOO 
86,500 
80,000 

80^680 
600 

40,000 
0. 
46,000 

a 

47,100 

Pounds, 

60,000 
57.000 
68.000 

56.000 
00.000 

1.000 
01.000 
02.000 
08,000 
04.000 
05,000 

1.000 
00^000 
07,000 
08,000 
09,000 
70,000 

1,000 
71.000 
72.000 

78,000 
1,000 

80,000 
0. 

90.oro 

0. 
94.200 

JndL 

.00400 

.00606 

.00515 

.00000 

.00700 

.oon5 

.00900 
.00995 
.01160 
.01285 

.00080 
.00015 
.00010 
.00085 
.00100 

"".00075" 
.00125 
.00005 
.00100 
.00185 

Ineh. 

Inch. 

Elaatio  limit. 

Deflection  at  middle, 
".08. 

Micrometer   re- 
mored. 

Ultimate  strength. 

.00160 

.00160 

.00070 

.00620" 

.01405 
.01560 
.  01075 
.01875 
.02060 

.00120 
.00145 
.00125 
.00200 
.00175 

«  «  •  *                     ■ 

.01880 

.00710* 

• 

.02200 
.02810 

.00150 
.00110 

1 
.  02500            .  00190 

.01820 

.00440 

.08400 

•  •  •  •  •                '  •  • 

.08600 

.01580 

•  •  •         •  ■       * 

.08100 

Failed  by  triple  flexures ;  the  couvez  side  of  middle  bend  towards 
center  of  ring  from  whence  it  was  taken. 

General  »ummary. 

Blaaticlimit  per  square  inch pounds..    68.OO0 

Compresalon  per  inch  under  strain  at  elastio  limit. inch...  0.00616 

No.  296. 

Compression  test. 

Marks  on  specimen,  \^' 

Length,  5", 

Diameter,  ".798. 

Sectional  area,  .50  square  ineh. 


Applied  loads. 

Compres- 
sion per 
incn. 

Siifcossive 

V.                                               i 

i$acoes 
_i 

Remarks. 

Total. 

Per  sqnare 
iuch. 

CODipres-      jmrniButiaif    sive  p«r* 

•  sionper    J        set.        |  manent 
inch.       1                           set. 

Poundt, 

600 

1,000 

1.600 

2,000 

2,600 

500 

8,000 

8,600 

4,000 

4,500 

5,000 

600 

5.500 

0^000 

Poundt. 

1,000 

2.000 

3,0U0 

4.000 

5,000 

1,000 

0,000 

7,000 

8.000 

9.000 

10.000 

1,000 

11.000 

12.000 

Ineh. 
0. 

.00010 
.0<»020 
.00030 
.00045 

Ineh. 

Ineh.          Ineh. 

I 

.00010 
.00010 
.00010 
.00015 

•    a                «•*••• 

0. 

.00055 
.00005 
.00075 
.00085 
.00096 

.00010 

.00010 
.00010 

.00010 
.00010 

0. 

.00100 
.00106 

.00005 
.00005 
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Applied  loads. 


T«f>-    '""toT.*" 


Pounds. 
6,500 
7,000 
7,500 

500 
8,000 
8,500 
9,000 
9,500 
10,000 

500 
10, 500 
11.000 
11,500 
12.000 
12,500 

500 
13. 000 
13,500 
14.0C0 
li.500 
15,000 

500 
15.500 
16,000 
16,500 
17,000 
17,500 

600 
18,000 
18, 500 
19,000 
19,500 
20, 000 

500 
20,500 
21,000 
21,500 
22,000 
22, 5C0 

500 
23,000 
23.500 
24,000 
24,500 
25,000 

500 

25,  500 
26.000 

26,  500 

27,  0(»0 
27,500 

500 

28,  000 
28, 500 
29,000 
29,500 
30.000 

500 
30.500 
31,  000 
81,500 
32,000 
32, 500 

500 
35,000 

0 
40,000 

0 
45,000 


Poundt. 
13, 000 
14,000 
15,  0(  0 

1,000 
16,000 
17,000 
18,000 
19,000 
20,000 

1,000 
21,000 
22.000 
23,000 
24.000 
25,000 

1,000 
26,000 
27.000 
28,000 
20,000 
30.000 

1,000 
81,000 
32,000 
33,000 
34,000 
85,000 

1,000 
86,000 
37,000 
38,000 
39,000 
40,000 

1,000 
41,000 
42.000 
43, 000 
44,000 
45, 000 

l.POO 
46, 000 
47,000 
48.000 
49,000 
60,000 

1,000 
51,000 
52, 000 
53,  0(10 
54,000 
55, 000 

1,000 
56,000 
57,000 
58,000 
59,000 
60.000 

1.000 
61,000 
62,000 
63,000 
64, 000 
65,000 

1,000 
70,000 

0 
80,000 

0 
80,000 


Comprei)- 

sion  per 

tDcn. 


Saccessive 

coinpreB>   ,  PermaDent 
Bion  per    •        set. 
inch. 


Saoces* 
sive  per- 
manent 
set. 


Remarks. 


Inch. 

.00110 
.00120 
.00135 


Inch. 
.00005 
.00010 
. 00015 


1 

1  Inch. 

Indi, 

1 ' 

1 '..  1 

0. 


.00145 
.00155 
.00165 
.00175 
.00190 

'.'ooiis' 

.00200 
.00210 
.00220 
.00230 


I  •  •  •  < 


.00010 
.00010 
.00010 
.00010 
.1)0015 

.66665" 

.00005 
.00010 
.09010 
. 00010 


0. 


00245 
00255 
00265 
00275 
00285 


.00015 
.00010 
.00010 
.00010 
.00010 


00285 
00300 
00305 
00315 
00325 


0. 
.00015 
.00005 
.00010 
.00010 


.........  1 

.........  ' 

.00C05 

.00005 

"*  ".'66610' 

'."66665" 

.00016 

.00005 

.00330 

.00005  , 
...........  1. 

.00345 

.00355 

^        1 

.00365 

, , , • 

.00375 

.00010   . 

.00020 

.00005 

.00380 
.00385 
.00395 
.00405 
.09415 

".66425' 

.00440 

.00450 

.00460 

^  .00480 


.00005 
.00005 
.00010 
.00010 
.00010 

.06616" 

.00015 

.00010 

.00010 

.00020 


.00025    .00005 


.  00040    .  00015 


.00505 
.00515 
.00550 
.00615 
.00710 


.00025 
.00910 
.00035 
.  0O0C5 
.00095 


Elastic  limit. 


.00190 


.007P5 
.00900 
.01040 
.01150 
. 01300 


. 00075 
.00115 
.  00140 

.oono 

.00150 


00716 


.06525 


. 01400 
.01510 
.01685 
.01810 
.01945 


.00100 
.00110 
I  .00175 
.00125 
. 00135 


.01350 

.62456" 

'.69606' 


.00635 

."6ii66 

.66556' 


Micrometer  removed. 


Dltlmate  strength. 


Failed  by  triple  flexure ;   the  convex  side  of  middle  bend  towards 
centre  of  ring  from  whence  it  was  taken. 

General  eummartf* 

Blastic  limit,  per  squar e  inch pounds. .        49, 000 

Compression  per  inch  under  strain  at  elastic  limit inch . .      0. 00460 


SEx35  49l 
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MANNER   OF  PREPARING  SPECIMENS. 

A  ring  1  inch  thick  was  cut  from  one  end  of  the  band. 

From  this  ring  three  pieces  were  obtained,  located  as  shown  on  the 
following  diagram. 

Specimen  V  ^^  turned  from  a  segment  2.15  inches  long  (measured  on 
the  chord  of  the  inner  circle),  which  was  removed  by  radial  cuts. 

The  remaining  portion  of  the  ring  was  cut  into  two  pieces,  from  which 
were  taken  B  0  and  B  E. 

No.  30. 

Tension  test, 

Marks  on  specimen,  B  E. 
Length,  2". 
Diameter,  ''.664. 
Sectional  area,  .25  square  inch. 

This  portion  of  the  ring  was  straightened  while  hot,  and  specimen 
taken  from  central  portion. 


Total. 


Poundt. 

250 
1,250 

250 
2,500 

250 
8,750 

250 
5,000 

250 
6,250 

2^ 
7.500 

250 
8,750 

250 
10.000 

250 
10,  250 
10,500 
10,750 
11,000 
11,250 

250 
11.500 
11,750 
12,000 
12,250 
12,500 

250 
12,750 
13.000 
13.250 
13.600 
13, 760 

250 
14.000 
14.250 
14,500 
14,750 
15, 000 

250 
16,250 
15,500 
16.750 
16,000 


Per  sqiiare 
Inch. 


Pounds. 

1.000 

5,000 

1,000 
10,000 

1.000 
15.000 

1.000 
20, 000 

1,000 
25,000 

1,000 
80,  000 

1,000 
35,  000 

1,000 
40,000 

1,000 
41.  000 
42. 000 
43.000 
44  000 
4.'>;  000 

1,000 
46,000 
47,000 
46,000 
49,000 
50.000 

1,000 
61.000 
52,000 
53,000 
54.000 
55,000 

1,000 
56.000 
67.000 
68,000 
59,000 
60.000 

1.000 
61,000 
62,000 
03,000 
2,000 


Elongation 
per  inch. 


Inch. 
0. 
.0002 


.0005 
.0006 

.ooio 
.ooio' 

.6012' 
.6015' 
.60*15' 


.0017 
.0020 
.0020 
.0020 
.0022 


.0022 
.0022 
.0022 
.0025 
.0025 


.0025 
.0025 
.0025 
.0025 
.0027 


.0030 
.0030 
.0030 
.0030 
.0032 


Sucoesaive 

eloni^ation 

per  inch. 


Permanent 
net. 


.0032 
.0032 
.0035 
.0035 


Inch. 

".bm 

"'.0663 

0. 

'".'6065' 

'0* 

.6062' 

".6603 

0.' 


.0002 

.0003 

.0 

.0 

.0002 


0. 
0. 
0. 


.0003 


0. 


0. 
0. 

0. 
0. 


.0002 


.0003 
0. 
0. 
0. 

.0C02 


0. 
0. 


.0003 


0. 


Inch. 


.0002 
.0662 
.0062" 
'.'0062' 
.0662' 
.6662 
.6002* 
.0002 


.0002 


.0005 


.0005 


.0010 


Rocces- 
sive  per- 
manent 
set. 


Inch.- 


.0002 

6. 

0.' 

0." 

6.' 

6. 

6.' 

0." 


0. 


.0003 


0. 


.0005 


Remarks. 
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Applied  loAds. 

Elonjeation 
per  inch. 

SucoeasiTe 

elontEAtlon 

perinoh. 

PermMnent 

•et. 

Saoeee- 

tiye  per- 

maoent 

set. 

Bemarks. 

Total. 

P«r  aqnare 
inoo. 

PoufMb.       PoiHMk. 
16l  250           AS  Aoo 

ifMA. 

.0087 

.0002 

Intik. 

InOi. 

25C 
16.600 
16,750 
17,000 
17,2.50 
17,500 

250 
17,750 
18,000 
18,250 
i        18,500 
18.750 

250 
19,000 
10.250 
19.500 
19,750 
20.000 

250 
20,500 
21,000 
21,500 
22,000 
22.500 
23.000 
28.500 
24.000 
24.500 
25.000 
25.500 
26.000 
26,500 
26,960 
23,000 

0 

],0i*0 
66,000 
67.000 
68.000 
69,000 
70.000 

1,000 
71,000 
72.000 
78,000 
74,000 
75,600 

1,000 
76,000 
77,000 
7a  000 
79,000 
80,000 

1,000 
82,000 
84,000 
86.000 

8a  000 

.0010 

a 

.0087 
.0040 
.0040 
.0040 
.0040 

0. 

.0003 
0. 
0. 
0. 

i 

.. 

ElMtio  Umii. 

.0010 

a 

.0040 
.0040 
.0040 
.0205 
.0225 

a 
a 

0. 

.0165 
.0020 

*0185 

.0175 

.0235 
.0245 
.0260 
.6267 
.0285 

.0010 
.0010 
.0015 
.0007 
.0018 



.'0240" 

•    «    •      >                         A    • 

.0055 

.oiio 

.0340 
.0375 

AiOS 

.0025 
.0090 
.0036 
.0030 
.0085 
.0045 
.0055 
.0050 
.0065 
.0090 
.0115 
.0135 
.0250 

90. 000    '            M4fl 

.*••••••••■•(.--. 

'•••••• 

92,000 
94.000 
06,000 
08,000 

.0485 
.0540 
.0500 
.0655 

1 

' 

100,000    '          .0745 
102. 000     '          -  08S0 

' 

104,000  . 
106,000 
107.920 
05,600 

0 

.0985 
.1235 

TTltimftte  strength. 
Load  at  time  of  frao- 

tore. 
Elongation  after  frao- 

tare. 



... 

.2500 

QtneraX  summary. 

Tenaile  atrength  per  square  inch  of  orisinal  section pounds. 

Xlaatio  limit  per  square  inch  of  originalsection do... 

JBlongation  per  inon  after  rupture   inch. 

Elongation  per  inch  under  strain  at  elasticliroit do.. 

Heduction  in  diameter  at  point  of  rupture do  . 

Bednctiou  in  area  after  rupture,  per  centum  of  original  section  

Position  of  rupture  ".4  from  middle  of  the  stem. 

Character  of  broken  surface,  fine  silky.    Fractured  ends  cup  shaped. 


107.920 

78,000 

a  2500 

.0040 

.184 

4a  0 
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No.  297. 
Compression  test. 

Marks  od  specimeo  B  0 

Length,  5^^ 

Diameter,  ''.798. 

Sectional  area,  .50  sqnare  inch. 

This  portion  of  the  ring  was  straightened  cold.  It  whs  stmck  with  a 
manl,  placed  ander  a  screw  press,  and  finally  straightened  in  one  of  the 
holder  jaws  of  the  testing  machine;  employing  a  pressure  of  200,000 
pounds. 

The  ends  were  then  squared  and  centered,  and  from  it  was  turned 
thiss|)ecimen: 


Applied  loads. 


TotaL 


Pounds. 
'  500 
1,000 
1.600 
2,000 
2,600 
600 

a.  000 

8,600 

4,000 

4,500 

6,000 

600 

6,600 

6,000 

6,600 

7,000 

7.600 

600 

8,000 

«,600 

0,000 

0,600 

10.000 

600 

10,500 

11.000 

11.500 

12,000 

12,600 

500 

18.000 

18,500 

14,000 

14,500 

15,000 

600 

15,500 

10,000 

10,600 

17,000 

17,600 

600 

18.000 

18,600 

18,000 

10,500 

20,000 

600 

20,600 

21.000 

21,600 

22,000 

22.600 

600 

23,000 


Psraqaare 
inob. 


Pwaaia. 

1,000 

2,000 

8,000 

4,000 

6.000 

1,000 

0,000 

7,000 

8,000 

9,000 

10,000 

1,000 

11,000 

12,000 

18,000 

14,000 

15,000 

1,000 

16,000 

17,000 

18,000 

19.000 

20,000 

1.000 

21.000 

22.000 

23,000 

24.000 

26.000 

1.000 

20,000 

27.0U0 

28.000 

29.000 

80,000 

1,000 

31,000 

82,000 

88,000 

84.000 

85,000 

1,000 

80,000 

87,000 

88,000 

89,000 

40,000 

1,000 

41,000 

42,000 

48,000 

44.000 

46^000 

1,000 

40.000 


ComprM- 

sion  per 

Inon. 


0 
.00000 
.00005 
.00015 
.00026 


.00036 
.00045 
.00050 
.00056 
.00000 


.00006 
.00070 
.00060 
.00086 
.00100 


SDoeeMire 

oompree* 

lion  per 

loon. 


.00105 
.00115 
.00125 
.00135 
.00145 


.00165 
.00170 
.00185 
.0  2U0 
.00205 


.00220 
.00235 
.00240 
.00250 
.00260 


.00280 
.00205 
.00300 
.00310 
.00330 


.00340 
.00350 
.00805 
.00380 
.00400 


.00420 
.00430 
.00445 
.00455 
.00470 


.00495 


PenuADcnt 
set 


SaooeM- 

lye  per> 

maneot 

•et. 


JimA. 


.00006 
.00010 
.00010 


.00010 
.00010 
.00005 
.00005 
.00005 


.00005 
.00010 
.00010 
.00010 
.00010 


.00020 
.00005 
.00015 
.00015 
.00005 


.00020 
.00015 
.0U0O5 
.00010 
.000  JO 


.00010 
.00010 
.00015 
.00015 
.00020 


.00020 
.00010 
.00015 
.00010 
.00016 


/n«A. 


Ineh. 


.00006 
.00005  , 
.00010  , 
.00005 
.00015 


.00015 
.00015  , 
.00005 
.00010  * 

.00010 : 


.00026 


.00010 


Bemarks. 


I 


.00015 


.00025 


.00035 


.00005 


.00010 


I 


.00010 


.00040 


.00045 


.00005 


.00006 
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Applied  loads. 


Total. 


Pouneff. 
23,500 
24,000 
24,500 
25,000 

600 
25,500 
2e,000 
26,500 
27,000 
27,500 

500 
28,000 
28,500 
29.000 
29,500 
80,000 

500 
30,500 
81,000 
81,500 
82,000 
82,500 

500 
83,000 
88,500 
84.000 
34.500 
85.000 

500 
85,500 
86.000 
36,500 
37,000 
37,500 

500 
50,000 
0 
53,300 


Per  eonare 
inco. 


Pound*. 
47,000 
48.000 
49.000 
50,000 

1,000 
51,000 
52,000 
53,000 
54,000 
65,000 

1,000 
56,000 
67,000 
58.000 
59,000 
60,000 

1,000 
61,000 
62,000 
68,000 
64,000 
65,  (KM) 

1,000 
66.000 
67,000 
68,000 
68,000 
70,000 

1,000 
71,000 
72,000 
73.000 
74.000 
75,000 

1,000 
100,000 

0 
106,600 


Coinpres- 

aiun  per 

incn. 


Sncoeaaive 

conipres* 

aion  per 

inco. 


Inch.       I 
.00505  , 
. 00515 
.00540  ' 
.00550  I 


.005«5  ' 
.00595 
.00605  ; 
.00615  ! 
.00635 


.01015  . 
.01050 
.C1060 
.01100 
. 01130 


Permanent 
set. 


Inch. 
.00010 
.00010  I 
.00025  I 
.00010  I 


.00035 
.00010 
.00010 
.00010 
.00020 


.00660 

.00025  1 

.00680 

.00020  ' 

.00695 

.00015  i 

.00710 

.00015  , 

.00730 

.00020  ! 

.00755 

.00025  ; 

.007W 

.00030  . 

.00800 

.00015 

.00820 

.00020  ' 

.00835 

.00015 

.00865 

.00030 

.00900 

.00035 

.00925 

.00025 

.00950 

.00025  , 

.00980 
............ 

.00030  ' 
•  -• 1 

.00035 
.00035 
.00010 
.00040 


Jne  h 


Snccea- 
•iye  per- 
manent 
aet. 


Inch. 


.00050 


00080 


.00115 


.00180 


.00265 
.03606 


.00005 


•  ■  •      •  «  w 

.00065 

.00915  ^ 

■•••"*■;  1 

.00015 


.00085 


■  I 


.00065 


.00085 

I 

.00036 


Remarka. 


Ultimate  strength. 


Failed  by  triple  flexure;  the  convex  side  of  middle  bend  towards  the 
oatside  of  ring  from  whence  it  was  taken. 

Deflection  continued  till  the  specimen  was  bent  into  an  u  shape,  and 
closed  down  till  the  ends  met.  A  number  of  small  cracks  developed 
on  the  tension  side  of  the  middle  bend. 


TESTS    OP   IRON   AND    STEEL   AND    OTHER   MATERIALS,      2b' 7 

No.  290. 
Compression  teat 

Marks  on  specimen,  BjG 

Length,  2".605. 

Diameter,  ".798. 

Sectional  area,  .50  square  inch. 

The  ends  of  this  portion  of  the  ring  were  squared  and  centered,  and  a 
specimen  turned  so  that  the  axis  of  the  cylinder  was  at  right  angles 
with  the  radius  of  the  band. 


Applied  loads. 


Total. 


Per  squftre ! 
inch. 


Pounds. 

500 
1,000 
1,500 
2,000 
2,500 

500 
3,000 
8,500 
4,000 
4.500 
5,000 

500 
5,500 

e,ooo 

8,500 
7,000 
7,500 

500 
R,000 
8,i00 
9,000 
9,500 
10, 000 

5U0 
10,50U 
11,000 
11,500 
12.  000 
12,  JiOO 

500 
13.000 
13,500 
14,000 
14,  m  0 
15,000 

500 
15,500 
16,000 
1(1,500 
17.000 
17,500 

500 
18,000 
18,500 
19,000 
10,500 
20.000 

500 
20,500 
21,000 
21,500 
22.000 
22,500 

500 
28,000 
23,500 
24,000 
24,500 
25,000 

500 


Pound*. 

1,000 

2,000 

8,000 

4,000 

6,000 

1,000 

8,000 

7.000 

8.000 

9,000 

10,000 

1.000 

11.000 

12.000 

13,000 

14,000 

15,000 

1,000 

16,000 

17,000 

18,000 

19,000 

20,000 

1,000 

21,000 

22,  000 

23.000 

24.000 

25,000 

1,000 

26,000 

27,000 

28.000 

20,000 

30,000 

1,000 

31,000 

82,000 

33.000 

34,000 

35,000 

1,000 

36,000 

37.000 

38.000 

80, 000 

40,000 

1,000 

41,000 

42,000 

43,000 

44.000 

45,000 

1,000 

46,000 

47.000 

48,000 

49,000 

50.000 

1.000 


Compres- 

•ion  per 

Inch. 


Sacceesive 
oomproa-   •  Perroanest 


■Ion  per 
inch. 


Inch. 

0. 

0. 

.00005 
.00010 
.00015 


.00025 
.00030 
.00035 
.00040 
.00050 


.00055 
.00060 
.00060 
.00065 
.00075 


.00090 
.00005 
.00100 
. 00105 
.00110 


. 00110 
.00115 
.00120 
.00130 
.00135 


.00150 
.  00155 
.00160 
.00160 
.00165 


.00175 
.00180 
.00185 
.00190 
.  00105 


.00200 
.00200 
.00210 
.00215 
. 00230 


.00225 
.00230 
.00240 
.00245 
.00*250 


Inch. 


set 


/n«A. 


.00005 
.00005 
.00005 


.00010 
.00005 
.00005 
.00005 
.00010 


.00005 
.00005 
0. 

.00005 
.00010 


.00015 
.00005 
.00005 
.00005 
.00005 


0. 

.00005 
^  .00005 
.Ol»010 
I    .00005 


'    .  00015 
. 00005 

'    .  00005 
0. 
.00005 


.00005 

.00010 
.00005 
.00015 


.00005 
.00005 
.00010 
.00005 
.00005 


Saccess- 
ivo  per- 
manent 
set. 


Inch, 


Rem  Arks. 


.00010 
.00005 
.00005 
.00005 
.00005 


.00255 

.00005 

.00255 

0. 

.00265 

.00010 

.00270 

.00005 

.00280 

.00010 



0. 

•    ••••.•^.,,.., 

""o. 



0. 



••••..••••.. 

1 

0. 

0. 

---.  ... 

1 

1 

1     .  -  • 

0-    1 

• 

1 

1 

—.  00005  — .  00005 

1 

—.'oooio— ."60605' 

1 

•••-..•. •••'«••.•••••• 

— .  00015  -^  00005 

1 

......  ......  F*>.«*a*a*« 

■  ••    «■«**« 

00015  I  0. 
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Applied  loads. 


Total. 


Poundi. 
85^500 
2A.000 
28,500 
27,000 
27,600 

500 
28,000 
28,500 
29.000 
20,500 
80.000 

500 
80,500 
81.000 
81.500 
82,000 
82,500 

500 
88,000 
88,500 
84,000 
84,500 
85.000 

600 
85.500 
36,000 
86.600 
87.000 
87.500 

500 
88,000 
88,500 
80,000 
89.500 
40,000 

500 
40,500 
41,000 
41,500 
42,000 
42,500 

500 

55,000 
0 

62,500 
0 

75,000 
0 

76,000 


Per  Moare 
incD. 


Pounds. 
51,000 
52,000 
58.0C0 
54.000 
65,000 

1,000 
66,000 
57,000 
68,000 
50.000 
60,000 

1,000 
61,000 
62.000 
68,000 
64,000 
66,000 

1,000 
66.000 
67.000 
68,000 
69.000 
70,000 

1,000 
71,000 
7^,000 
78,000 
74,000 
76,000 

1,000 
76,000 
77,000 
78,000 
70,000 
80.000 

1,000 
81.000 
82,000 
88.000 
84.000 
85. 000 

1,000 

110,000 
0 

126,000 
0 

160,000 
0 

152, 000 


Comprea- 

sion  per 

inch. 


Ineh, 
.00285 
.00295 
.00296 
.00800 
.00815 


.00810 
.00910 
.00315 
.00826 
.00880 


.00345 
.00850 
.00856 
.00865 
.00870 


.00875 
.00880 
.00385 
.00396 
.00400 


.00405 
.00410 
.00416 
.00485 
.00480 


.00445 
.00455 
.00460 
.00470 
.00485 


.00505 
.00520 
.00645 
.00570 
.00616 


Sncreaaive 

comprea- 

aion  per 

incn. 


JfMA. 

.00005 
.00010 

a 

.00005 
.00005 


.00005 

I. 

.00005 
.00010 
.00005 


.00015 
.00005 

.00005 
.00010 
.00006 


.00005 
.00005 
.00005 
.00010 
.00005 


.00005 

.00005 
.00005 

.00010 
.00005 

'.  00015* 
.00010 
.00006 
.00010 
.00015 


.00020 
.00015 
.00026 
.00025 
.00045 


Permanent 
aet. 


JtMlA. 


—.00015 


—.00010 


-^00010 


—.00006 


Sacoea- 
aive  per- 
manent 
aet. 


Inch, 


0. 


.00006 


0. 


.00005 


0. 


00040 


.00006 


.00040 


.00180 


.02000 


Bemarka. 


Elaatio  limit 


00090 


.01870 


.09000 


.01600 
'.06400' 


Hicrometer 
moTod. 


re- 


Ultimate  strength. 


General  summary. 


'Elaaticllmit  per  aqaare  inch 

Compreasion  per  inch  under  strain  atelastlc'limit. 


.pounds.. 
....inoh.. 


78,000 
O.O0460 


^nTZZ^TZTZZOTZ-   T'lT^,    <3.^£yt€:^   (jtTZTty-. 
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TESTS   OF   IRON   AND   STEEL    AND   OTHER   MATERIALS.      2^9* 
MANNER  OF  PREPARING  SPECIMENS. 

A  Tiug  l-jV  inches  thick  was  cat  from  the  forward  end  of  the  trunuioxL 
ring. 

From  the  ring  three  pieces  were  obtained,  as  shown  on  the  following 
diagram. 

Specimen  V  ^^^  tarned  from  a  segmeat  3^  inches  long  (measured  on 
the  chord  of  the  inner  circle),  which  was  removed  by  radial  cats. 

The  remaining  portion  of  the  ring  was  cut  into  two  pieces,  from  which 
were  taken  B  E  and  U  0 

No.  31. 


Tension  teat. 

Marks  on  specimen  R  E 
Length,  2".0O. 
Diaaieter,  '^564. 

Sectional  area,  .25  square  inches. 

Tbis  portion  of  the  ring  was  straightened  while  hot,  from  which  this, 
specimen  was  turned. 


Applied  loads. 


TotoL 


Found9. 

250 

1,250 

250 

2,500 

250 

3,750 

250 

5.000 

250 

0,250 

250 

7,500 

250 

8,7% 

250 

10,000 

250 

10,250 

10,500 

10.750 

11,000 

11.250 

250 

11,500 

11, 7S0 

12,000 

12, 250 

12,500 

250 

12,750 

13.000 

13,2j0 

18  500 

13, 750 

250 

14.000 

14, 250 

14.  500 

14,750 

15,000 

250 

15.250 

15,500 

15»750 

Per  aaiuire 
inoh. 


PoufuU. 

1,000 

fi»000 

1,000 
10,000 

1,000 
15,000 

1,000 
20,000 

1.000 
2J,U00 

1,000 

30,  im 

1,000 
35,000 

1,000 
40,000 

1,000 
41,000 
42,  UOO 
48,000 
44,000 
45  000 

1,000 
46,000 
47.000 
48.000 
49,000 
50.000 

1,004) 

51.000 
52,000 
53,000 
54,000 
.  55,000 
1,000 
50.000 
57,000 
58,000 
50,000 
00.000 
1,000 
01,000 
02,000 
03,000 


Elongfttlon 
per  luoh.   , 

SuooeMive 

eloDK^tion 

per  inch. 

Inch. 

Permaoeiit 
set. 

Succen* 

slve  per- 

manfOt 

set 

Inch. 

0. 

0. 

Inch. 

Inch. 

.0 

.0002 

.0002 

.0 

.0005 

'.mi" 

".0003 

•  •••••       .   .    .  •  • 

.0002 

.0 

.0 

.0010 

.0003 

.0 

...... 

'          .0012 

.0002 

1 

.6 

.0015 

.0003 

1    -' 

.0 

.0015 

.0 

.0015 
.0017 
.0017 
.0017 
.0020 

.0 

.0002 

.0 

.0 

.0008 

1 

1 



.0 

.0020 
.0020 
.0020 
.0020 
.0020 

.0 
.0 
.0 
.0 
.0 



•  •••••  .  ** 

.0 


■      •     ■     a     ■              mm 

.0022 
.0022 
.0022 
.  0022 
.0025 

.0002 

.0 

.0 

.0 

.0008 

..-.- 



.0 

.002.5 
.  0023 
.002.^ 
.0027 
.0155 

.0 
.0 
.0 

.0002 
.  012d 



•     •     >            •     a     ■     •    1 

"".oiso" 

.0130*' 

.0170 
.0180 
.0190 

.0015 
.0010 
.0010 

i 

1 

1 

1 

Remarks. 


Elastic  limit. 
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Applied  loads. 


Total. 


Per  sqnaro 
incii. 


Elongation 
per  inch. 


PoundM. 

Pounds. 

16,000 

64,000 

16,250 

85,000 

250 

1,000 

16,500 

66.000 

.    16,750 

67,000 

17,000 

68,000 

17,250 

69.000 

17,500 

70,  OOu 

250 

1,000 

18,  000 

72,000 

18,500 

74,  000 

19,000 

76,000 

19,500 

78,000 

20,000 

80,  000 

250 

1.000 

20,500 

82,000 

21,000 

84.000 

21.500 

86,  OOO 

22,000 

88,000 

22,500 

90,000 

28.000 

02,  000 

23,500 

94.000 

0 

0 

Snccessive 

elongation 

per  inch. 


Inch. 

IfUh, 

1         .0200 

.0010 

1         .0215 

.0015 

.0225 

.0010 

1          .0240 

.0015 

.  0255 

.0015 

.  0265 

.0010 

1          .0280 

.0015 

.0320  i 
.  0355 
.0400  , 
.0440  ! 
.0405 


.0550 
.0640 
.0720 
.0835 
.0985 
.1240 
.1830 
.2100 


.0040 
.0035 
.0045 
.0040 
.0055 


.0055 
.0090 
.0080 
.0115 
.0150 
.0255 
.0590 


Permanent 
aet. 


Snccea- 
aive  per- 
manent 
set. 


Remarka. 


Inch. 

Inch. 

, 

.0180 

.0050 

.0205          .0025 

1 

f 

.0450 

.0245 

. 

,     . 

1 

y//v^v/. ... ...... 

............1... ....... 

Ultimate  Btrength. 
Elongation  after  tnc- 
,   ture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section poands..       94, 000 

Elastic  limit  per  square  inch  of  original  section do  ...        59,000 

Elongation  per  inch  after  rapture inch..        0.2100 

Elongation  per  inch  under  strain  at  elastic  limit do 0027 

Kediiction  in  diameter  at  point  of  rupture do  ...  .  104 

Beduction  in  area  after  rupture,  per  centum  of  original  section 83. 6 

Position  of  rupture ".50  from  curve  of  neck. 

Character  of  broken  surface Silky ;  surface  irregular,  vesioular. 

No.  32. 


Tension  test. 


R  K 
T  • 


Marks  on  Rpecimen, 
Length,  2".00. 
Diameter,  ".564. 

Sectional  area,  .25  sqnare  inches. 

From  this  portion  of  the  ring  was  milled  a  prism  1^"  square  by  5^" 
long,  from  which  was  turned  this  specimen. 


Applied  loads. 


Total. 


Elongation   ?,°^^^h  Jjf  I  Permanent '  sive  per 

r>  per  inch,      "ongation  i  ^  «.o„*:..f 

Per  square     f^^  »"»'"•    ,   per  inch.  "  *^ 


Pounds. 

2.')0 
1,250 

250 
2,  500 

250 
3, 75i) 

250 
5,000 

2.')0 
6,  250 

250 
7,500 


incJi. 


Pound*. 

1,000 

5,000 

1,000 
10,000 

1,000 
15,000 

1.000 
20,000 

1,000 
25.000 

1,(K)0 
30.000 


Inch. 
0. 
0. 

".0002 

.0005 

.0005 

.ooio 
.ooio 


Inch. 


.0005 

.0003 

.0005 

0. 

.0010     1 

.0005 

.0002 

.1 
I. 
.1 
0.' 


mane  lit 

sec 


Inch. 


Inch. 


0. 


0. 


0. 
0. 
0. 


Bemarks. 
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Applied  loads. 
Elongation 


Total. 


Potcndf. 

250 
8,750 

250 
10,000 

250 
10,  250 
10.500 
10,750 
11.000 
11,25« 

250 
11,500 
11,750 
12,000 
12,250 
12.500 

250 
12,  750 
13.000 
13,250 
13.500 
13,750 

250 
14.000 
14,250 
14.500 
14,750 
15,000 

250 
15,250 
15,500 
15.750 
16.000 
16. 250 

250 
16,500 
16.750 
17.000 
17. 2  0 
17. 5«0 

2r'0 
1ft,  000 
18.500 
19.000 
19,500 
20.000 

250 
20.500 
21,000 
21.5O0 
22,000 
22.500 
23,000 
23,500 
24,000 
24,500 
25.000 
25.260 
0. 


Incn. 


Potindt. 

1,000 
35,000 

1,000 
40,000 

1,000 
41,000 
42.000 
43,000 
44,000 
45,000 

1,000 
46,000 
47,000 
48,000 
4M,000 
50.000 

1,000 
51.000 
52,000 
53.000 
54,000 
55,000 

1,000 
56,000 
57.000 
58,000 
50,000 
60,000 

1,000 
61,000 
62,000 
63,000 
64.000 
65.000 

1.000 
66,000 
67.000 
68,000 
69,000 
70,000 

1,000 
72.000 
74.000 
76.000 
78,000 
80.000 

l.OOo 
82,000 
84,000 
86.000 
88,000 
90,000 
92.000 
94,000 
90,000 
98,  01  lO 
100,  000 
101,040 

0. 


Snocemive 

elongation 

per  inch. 


Inch.      ' 

Inch, 

.0015 

.0005 

0015  ' 

0. 

.0017 
.0017 
.0020 
.  (K)20 
.0020 


.0020 
.0020 
.0022 
.  0022 
.0025 


.0025 
.0025 
.0025 
.0025 
.0027 


.0027 
.oo:{0 
.0040 
.0050 
.0060 


.00<»5 
.0075 
.00^ 
.0095 
.0100 


.0110 
.0120 
.0130 
.0140 
.0155 


.0180 
.0205 
.02.30 
.  0250 
.0290 


.0310 
.0350 
.0390 
.0430 
.0480 
.0530 
.0610 
.0695 
.  0-25 
.1100 


.2000 


Permanent 
set. 


Inch. 
0. 


Suocea* 
slve  per- 
manent 
set 


Remarks. 


Indi. 


0. 
0." 


.0002 


0. 


.0003 


0. 
0. 


0. 


0. 
0. 


.0002 


0. 


.0003 


0. 


0. 
0. 
0. 
0. 
.0002 


0. 


.0003 
.0010 
.0010 
.0010 


Elastic  limit. 


.0035 


.0035 


.0005 
,  .0010 
.0010 
.0010 
.0005 


.0010 
.0010 
.0010 
.  0010 
.0015 


.0075 


.0040 


I 


.0120 


.0045  I 


.0025 
.0025 
.0025 
.0020 
.0040 


.0240 


.0120 


.0020 
.0040 
.0040 
.0040 
.0050 
.0050 
.0080 
.0085 
.0130 
.0275 


Ultimate  strength. 
Elongation   after 
fracture. 


General  summary. 


Tensile  strenjith  per  square  inch  of  original  section pounds..      101,040 

Elastic  liiiiii  pHi- ttquare  inch  uf  origiual  section do 57.000 

Elongation  ix-r  inirti  after  rupture inch..        0.2000 

Elongation  per  inch  under  straiu  at  elastic  limit do .0030 

Kednction  ill  diiUUHter  at  point  of  rupture    do .084 

Reductioo  in  Sknm  after  rupture,  per  centum  of  original  section 27. 6 

PosiiloD  of  ruptun* ".6  from  curve  of  neck. 

Character  ot*  broken  surface Granular,  radiaiting  from  a  dull  spot  at  circumference  of  stem. 

Surface  cracks  developed  in  the  vicinity  of  fracture. 
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No.  298. 

Compression  test. 

MarkB  on  specimen  E  G 

Length,  5".00. 

Diameter,  '^798. 

Sectional  area,  .50  square  inch. 

This  portion  of  the  ring  was  straightened  while  hot;  from  which  this 
specimen  was  turned. 


Applied  loads. 


Total. 


Per  Bonare 
Idco. 


Poundt. 

600 

1.0O0 

1,500 

2.000 

2.600 

600 

8,000 

8,600 

4,000 

4,600 

6,000 

600 

6,500 

ff,000 

((..•VOO 

7.0JP0 

7,500 

500 

8,000 

8,500 

9.000 

B.500 

10,000 

500 

10.500 

11.000 

11,500 

12.000 

12,500 

600 

13.000 

18.500 

14,000 

14.  500 

15,000 

500 

15,600 

16,000 

16.500 

17,000 

17,500 

500 

18,000 

18.500 

19.000 

19.600 

20.000 

6C0 

20,600 

21,000 

21.500 

22,000 

22,500 

600 

28,000 

23..')00 

24.000 

24,600 

25.000 


Pounda. 

I.OUO 

2,000 

8,000 

4,000 

6,000 

l.OuO 

0,000 

7,000 

8,000 

9,000 

10.000 

1,000 

11,000 

12.000 

ROOO 

14.000 

15,000 

1,000 

10,000 

17,  000 

16,000 

19.000 

20.000 

1.000 

21,000 

22,000 

23,000 

24.000 

25.(100 

1,000 

20.000 

27,000 

28,000 

20,  0(H) 

30,000 

1,000 

81.000 

82.000 

83,000 

84,  OoU 

35.000 

1.000 

36,000 

37,  000 

88.000 

80,000 

40.000 

1,000 

41,000 

42,000 

43.  <  00 

44,000 

45,000 

1,000 

46,000 

47,000 

48.000 

49.000 

50.000 


n««nn..A.      Suecewive 

.SS^,irj*  '   oompres.  .  Permanent 


Inch. 
0. 

.00005 
.00005 
.00010 
.00015 


.00025 
.00035 
.00045 
.00060 
.00060 


.00200 
.00210 
.00220 
.OOJSO 
. 00240 


.00250 
.00260 
.  00265 
.00276 
.00290 

.60366' 
.00313 
.  O032O 
.00330 
.00346 


.00360 
.00360 
.00370 
.00385 
.00400 


.00420 
.00430 
.00450 
.00460 
.00.*>Q0 


Inch. 


.00005 
0. 

.00005 
.00005 


.00010 
.00010 
.  000 10 
.00005 
.00010 


.00005 
. 00010 
.00010 
.00010 
.00010 


.00010 
.00010 
.00005 
.00010 
.00015 

.00010 
.00010 
.00010 
.00010 
.00015 


.00020 
.00010 

.00020 

.00010 
.  P0040 


.00070 

.oooio 

.000>-0 

.00010 

.00085 

.  00(>05 

.00096 

.00010 

.00100 

.00005 

.00115 

.00015 

.00126 

.00010 

.00135 

.00010 

.00145 

.00010 

.00150 

.00006 

.  00165 

.00016 

.00170 

.00005 

.00180 

.00010 

.00190 

.00010 

.00105 

.00005 

.00005  I. 
.00010 

.00010  ., 

.00015  I 

.00015  I, 


Saccea- 
sive  per- 
manent 
set. 


Remarks. 


Inch. 

Inch. 

1 

*"6. 

•  •  «  .      «  •  • 

' 

.00015 


.00016 


.00020    .00005 


.00020 


.00020  ;  0. 


.00025 


.00005 


.00025 


0. 


.00025 


.00085 


.00010 


Elastio  limit. 
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AppUed  lottd*. 

CompiM- 

■ionper 

inon. 

SaooeMive 

cmnprea- 

slonper 

Inon. 

Pennanont 
■et 

Sneoes- 

•Ive  per- 

nument 

■et. 

BamarkB. 

Total 

P«rsqiure 
iaob. 

Ftmndt, 

500 
36,600 
36,000 
36,600 
27.000 
27,500 

500 
28,000 
28^600 
29^000 
28^600 
80,000 

600 
86^000 

0 
40,000 

0 
44,100 

PouimU. 

1,000 
61,000 
52,000 
68,000 
64,000 
56,000 

1,000 
68.000 
67.000 
68,000 
68,000 
80,000 

1.000 
70,000 

0 
80,000 

0 
88.200 

Inch. 

JndL 

Inch. 

.00100 

Inch. 
.00086 

MiennnetarioniOTOd. 
intlinato  atrangth. 

.00870 
.01060 
,01806 
.01616 
.01780 

.00870 
.00180 
.00266 
.00210 
.00366 

•  ••■  •••••• 

.01286 

.01196 

.01840 
.02166 
.08446 
.02006 
.02860 

.00160 
.00215 
.00200 
.00180 
.00246 

.02280 

.00086 

.04860 

.02000 

.07260 

.02800 

Failed  by  triple  flexare;  the  convex  side  of  middle  bend  towards 
outside  of  ring  fix>in  whence  it  was  taken. 

Deflection  continued  till  the  specimen  was  bent  into  u -shape.  When 
the  ends  came  within  i'*  of  meeting,  the  specimen  parted  into  halves. 
The  firacture  was  granular,  radiating  from  a  dull  spot  ^^'x^^'  on  the 
tension  side  of  the  fracture. 

General  summarjf, 

XIaatle  limit  per  sqoaro  inoh ponnda..    48,000 

Compreaaion  per indh  onder atrain at alastio limit Inoh..  0.08460 

S.  Ex.  35 18 


If 


1 


4 


N  C^    «i 


h 


r^ 


^i  1^ 


ff^ 
^ 


1^1 
!!^* 


9 

iS 

CO 


Comfrrm^rkszort, 


ryp<s*sta9t^ 


OrutfhzT^ 


[ZjI 


S£x3S491 


J^7c^«7s^e2sc^ 
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CAST  {GUN)  IRON  FROM  TRIAL  CYLINDER, 
ICMt  by  South  Boston  Iron  Works,  for  12"  mortar.] 

No.  91. 

Tension  test. 

Mark  on  bar  I 

Length,  30". 

Diameter,  1".129. 

Sectional  area,  1.00  square  inch. 


persqwe 
infill. 

Elonsation 
per  Inch. 

SaocoMive 

elongation 

per  inch. 

Permanent 
set. 

SacoeaaiTe 

permanent 

set. 

Bemarks. 

Powidt, 

l7%Ck. 

Inch, 

Inch. 

Inch, 

500 
1.000 

0. 
.000018 

Initial  load. 

.ooooih" 

.'ooooio* 

.'ooooio* 

2,000 

.OOOOOT 

.000044 

.000010 

0. 

3.000 

.000107 

.000050 

.000013 

.000008 

4.000 

.000150 

.000043 

.000018 

0. 

6^000 

.000198 

.000043 

.000017 

.000004 

8,000 

.000247 

.000054 

.000020 

.000008 

7,000 

.000297 

.000050 

.000027 

.000007 

8,000 

.000847 

.000050 

.000083 

.000006 

0.000 

.000408 

.000066 

.000047 

.000014 

10,000 

.000400 

.000057 

.000057 

.000010 

11.000 

.000620 

.000060 

.000063 

.000006 

12,000 

.000577 

.000057 

.000077 

.000014 

13,000 

.000647 

.000070 

.000090 

.000013 

14,000 

.000708 

.000056 

.000103 

.000018 

15.000 

.000787 

.000084 

.000120 

.000017 

10,000 

.000847 

.000060 

.000137 

.000017 

17,000 

.000918 

.000066 

.000150 

.000013 

18.000 

.000990 

.000077 

.000170 

.000020 

Elastic  limit. 

19.000 

.001078 

.000083 

.000197 

.000027 

20.000 

.001160 

.000087 

.000230 

.000088 

SI.  000 

.001260 

.000100 

.  O0O2'/7 

.000047 

22,000 

.  001M80 

.000120 

.000338 

.000056 

23,000 

.001520 

.000140 

.000407 

.000074 

24.000 

.001687 

.000167 

.000510 

.000108 

25.000 

. 001910 

.000223 

.000678 

.000163 

26,000 

.002107 

.000287 

.000880 

.000207 

27.000 

.002517 

.00032U 

.001188 

.000258 

28,000 

.003020 

.000503 

.001500 

.000427 

29,000 

.003677 

.000657 

.002147 

.000587 

29,080 

. 

Ultimate  strength. 

I 

General  %wmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..       29,880 

Elastic  limit  per  sooare  inch  of  original  section ^Ao  —        18,000 

Elongation  per  inon  under  strain  at  elastic  limit inch..    0.000990 

Seduction  in  diameter  at  point  of  rupture not  perceptible 

Bednotion  in  area  after  rupture not  perceptible 

Position  of  rupture ".8  (Vom  curve  of  neck 

Character  of  broken  surCsce coarse,  graniUar,  irregular 
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No.  92. 
Tension  test 


Marks  on  bar  II 

Length,  30". 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


Applied 

loads  per 

square 

iaoh. 

EloDfration 
peruich. 

SaocesalTe 

elongation 

per  Inch. 

i 

Permanent 
set. 

Saooeesiye 
perma- 
nent set 

Bemarks. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

500 

0. 

TnM&l  ^eMA 

1,000 

.000017 

0.000017 

'6.606007* 

'""6.666667" 

2,000 

.000068 

.000036 

0. 

-  .000007 

8.000 

.000090 

.000037 

0. 

0. 

4.000 

.000187 

.000047 

~  .000010 

-  .000010 

6,000 

.  000178 

.000086 

-  .000018 

-  .000003 

0,000 

.000223 

.000050 

-  .000013 

0. 

7,000 

.000270 

.000047 

-  .000007 

.000006 

8,000 

.000317 

.000047 

0. 

.000007 

9,000 

.000388 

.000066 

0. 

0. 

10.000 

.000430 

.000047 

.000007 

.000007 

!      It  000 

.000487 

.000057 

.000018 

.000006 

12,000 

.000548 

.000056 

.000027 

.000014 

J 

18,000 

.000613 

.000070 

.000040 

.000013 

14,000 

.000667 

.000054 

.000063 

.000013 

16.000 

.000740 

.000073 

.000067 

.000014 

18,000 

.000817 

.000077 

.000080 

.000013      Slasticlimit                  f 

17,000 

.000883 

.000066 

.000110 

.000030 

18,000 

.000970 

.000087 

.000187 

.000027 

19.000 

.001053 

.000083 

.000167 

.000030 

20,000 

.001160 

.000097 

.000213 

.000046 

21,000 

.001240 

.000090 

,000247 

.000034 

22,000 

.001863 

.000123 

.000298 

.000046 

23,000 

.001643 

.000180 

.000418 

.000120 

24,000 

.001707 

.000164 

.000617 

000104 

26,000 

.001933 

.000226 

.000688 

000166 

26,000 

.002207 

.000274 

.000893 

'000210 

27,000 

.002563 

.000356 

.001167 

'000274 

28,000 

.003068 

.000600 

.001508 

•000426 

29.ooa 

. 003818 

.000750 

.002247 

000664 

30,000 

.004837 

.001024 

.008190 

000943 

80,800 

Ultimate  strength. 

i              1 

General  eummary. 

Tensile  strength  per  sqnare  inch  of  original  section pounds..        80,800 

Elastic  limit  per  sqoare  inch  of  original  section do  ...        18,000 

Elongation  per  inch  under  strain  at  elastic  limit inch..    0.000617 

Beduction  in  diameter  at  point  of  rupture not  {lereeptible. 

Reduction  in  area  after  rupture not  perceptible. 

Position  of  rupture 3|  inches  firom  middle  of  bar. 

Character  of  broken  surface  . , coarse,  granular,  irregular. 
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No.  103. 


Tension  test, 

Marks  on  bar  III 

Length,  3(K'.  , 

Diameter,  l''.I29. 

Sectional  area,  1  sqnare  inch. 


Applied 

loads  per 

square 

inoh. 

Eloncatioii 
per  inch. 

SoooeselTe 

etongatioii 

per  Inch. 

Penna&ent 
set. 

SaoceseiTe 
perma- 
nent set. 

Benuffka. 

Pottfidf. 

Inch. 

Jneh. 

IndL 

500 
1,000 
2.000 
3,000 
4.000 
5,000 
0,000 
7.000 

0. 

.000007 
.000048 

.000097 
.000188 
.000170 
.000217 
.000287 

Initial  load. 

.000007 
.000039 
.000051 
.000038 
.000087 
.000047 
.000050 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

8,000 

9,000 

10,000 

.000317 
.000388 
.000410 

.000050 
.000049 
.000044 

0. 
0. 
.000007 

m 

.000007 

11,000 

.000480 

.000050 

.000020 

.000013 

12,000 

.000527 

.000087 

.000027 

.000007 

18,000 

.000598 

.000008 

.000087 

.000010 

14,000 

.000813 

.000050 

.000050 

.000013 

15,000 

.000703 

.000080 

.000088 

.000013 

■ 

18.000 

.000770 

.000087 

.000077 

.000014 

17,000 

.00«840 

.000070 

.000097 

.000020 

Elastio  limit. 

18,000 

.000930 

.000090 

000180 

.000083 

19.000 

.001003 

.000073 

.000157 

.000027 

20.000 

.001098 

.000090 

.000180 

.000087 

21,000 

.  001213 

.000120 

.000248 

.000063 

22.000 

.001333 

.000120 

.000297 

.000054 

23,jOOO 

.001500 

.000187 

.000897 

.000100 

24,000 

.001873 

.000178 

.000510 

.000118 

25,000 

.001976 

.000313 

.000740 

.000230 

28,000 

.002313 

.000337 

.001000 

.000280 

27,000 

.002857 

.000544 

.001437 

.000437 

28,000 

UltimAte  stTf^ngth. 

Snstained  the  maximum  load  i  minute  before  fracturing. 

General  summary. 

Tensile  strength  per  square  inch  of  oriffln*l  section pounds..  28,000 

Slaatic  limit  per  souare  inch  of  originiu  section do....  -     17,000 

Blongation  per  incn  after  rupture inch..  0.001087 

Slomgation  per  inch  under  strain  at  elastio  limit do....  .000840 

Beduoticm  in  diameter  at  point  of  rupture not  perceptible. 

Beduotion  in  area  after  rupture  not  perceptible. 

Position  of  rupture 9^'  from  neck. 

Chanuster  of  broken  snrlkoe coarse,  grannUr. 
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No.  302. 


Compression  test 

Mark  on  bar  V 

Length,  10''. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


Applied 

loads  per 

nquftre 

iDCh. 

ComproMion 
per  inch. 

Saooewlye 

oompitMsion 

per  inch. 

Penniuient 

set. 

SacoeMlve 

permaaent 

set. 

Remarks. 

Povnd*. 

500 

1.000 

2.000 

8.000 

4.000 

6,000 

6,000 

7.000 

8.000 

9,000 

10.000 

11.000 

12,000 

18.000 

14.000 

16.000 

16.000 

17.000 

18.000 

19.000 

20.000 

21,000 

22.000 

28.000 

24.000 

25,000 

26.000 

27,000 

28,000 

20,000 

80,000 

81,000 

82,000 

88,000 

84.000 

85,000 

86,000 

87.000 

88,000 

89.000 

40.000 

40.800 

Ineh. 
0. 

Inch. 

Inch. 

Inch, 

Initial  load. 

.000020 
.000030 
.000080 
.000120 
.000160 
.000200 
.000250 
.000280 
.000380 
.000380 
.000420 
.000470 
'  .000510 
.000560 
.000610 
.000670 
.000710 
.000760 
.000810 
.000860 
.000910 
.000970 
.001080 
.001090 
.001180 
.001240 
.  001810 
.001890 
.001490 
.001670 
.001760 
.001900 
.002100 
.002850 
.002680 
.008050 
.008660 
.004180 
.004700 
.005520 

.000020 
.000010 
.U00050 
.000040 
.000040 
.000040 
.000050 
.000080 
.000060 
.000050 
.000040 
.000050 
.000040 
.000050 
.000050 
.000060 
.000040 
.000050 
.000050 
.000050 
.000050 
.000060 
.000060 
.000060 
.000090 
.000060 
.000070 
.000080 
.000100 
.000180 
.000090 
.000140 
.000200 
.000250 
.000380 
.000870 
.000500 
.000680 
.000570 
.000820 

0. 

0. 

0. 

0. 

0. 

0. 

.000020 
.000020 
.000020 
.000020 
.000020 
.000020 
.000020 
.000030 
.OU0030 
.000030 
.000040 
.000040 
.000050 
.000050 
.000060 
.000080 
.000090 
.000100 
.000120 
.000140 
.000160 
.000190 
.000230 
.000340 
.000880 
.000490 
.000680 
.000830 
.001140 
.001600 
.001970 
.002510 
.003110 
.008970 

Elastic  Umit 
Ultimate  ttrangth. 

""   .000020 

0. 

0. 

0. 

0. 

0. 

0. 
.000010 

0. 

0. 
.000010 

0. 
.000010 

0. 

.000010 
.000020 
.000010 
.000010 
.000020 
.000030 
.000020 
.000080 
.000040 
.000110 
.000050 
.000100 
.000170 
.000170 
.000310 
.000360 
.000470 
.000540 
.000600 
.000860 

Failed  by  triple  flexnre. 

Direction  of  middle  deflection  with  reference  to  distinguishing  num- 


ber 


G 


on  end  of  specimen. 


There  was  no  perceptible  deflection  when  examined  with  a  straight 
edge  until  the  maximum  load,  40,800  pounds,  was  reached.  The  de 
flection  took  place  gradually. 


General  eummary. 

Xlaatic  Umit  per  square  ineh  of  original  section « pounds.. 

Compression  per  inch  under  strain  at  elastic  limit inch..       0. 

Compression  per  inch  nnder  40,000  poonds  per  sqaare  inch do. ... 


20,000 
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No.  303. 

Compression  test 
Marks  on  bar,  YI. 
Length,  W. 
Diameter,  rM29. 
Sectional  area,  1  sqaare  inch. 


Applied 

loads  per 

■qaare 

ineh. 

Compression 
per  inoh. 

Sncoessiye 

compression 

p«r  inch. 

Permanent. 

SaccessiTe 

permsnent 

set 

Semarks. 

Poundi. 
800 

1,000 

2,000 

8,000 

4,000 

8,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21.000 

22,000 

23.000 

24.000^ 

28,000 

26,000 

27,000 

28,000 

29,000 

80,000 

81,000 

82,000 

88,000 

84,000 

85,000 

86,000 

87,000 

88,800 

Inch. 
0. 

.000020 
.000070 
.000180 
.000170 
.000200 
.000280 
.000280 
.000300 
.000840 
.000890 
.000420 
.000470 
.000540 
.000580 
.000640 
.009680 
.000740 
.000790 
.000840 
.000890 
.000960 
.001000 
.001070 
.001160 
.001220 
.  001810 
.001410 
.001600 
.001840 
.001790 
.001970 
.002600 
.002600 
.008020 
.008469 
.004120 
.006000 

Inch. 

JfUh. 

Ineh. 

Initial  loAd. 

Blastio  limit. 

Bar  began  to  defleet 
Ultimate  strengtn. 

.000020 
.000050 
.000060 
.000040 
.000030 
.000030 
.000050 
.000020 
.000049 
.000050 
.000030 
.000050 
.000070 
.000040 
.000060 
.000040 
.000060 
.006050 
.000050 
.000050 
.900060 
.000060 
.000070 
.000090 
.000060 
.000090 
.000100 
.000090 
.000140 
.000150 
.000180 
.000290 
.000340 
.000420 
.000440 
.000660 
.000880 

.000020 
.000080 
.000040 
.000020 
.000020 
.000010 
.000010 
.000010 
.000020 
.000080 
.000020 
.000089 
.000920 
.000020 
.000020 
.000040 
.000040 
.000060 
.000060 
.000070 
.000090 
.009100 
.000110 
.000140 
.000170 
.000210 
.000260 
.000880 
.000410 
.000500 
.000610 
.001100 
.091820 
.001920 
.002880 
.008440 

.000020 

.000090 

—.000010 

•-.000020 

0. 

—.000010 

0. 

0. 

.000010 

.000019 

—.000010 

.000010 

^000010 

0. 

0. 
.000020 

0. 

.000010 
.000010 
.000010 
.000020 
.000010 

.000010 

.000080 
.000080 
.000040 
.000060 
.000070 
.000080 
.000180 
.000220 
.000290 
.000420 
.000400 
.000660 
.000860 

Failed  by  triple  flexure. 
Direction  of  middle  deflection 


O 


GeiMral  Mnmnory. 

mastic  limit  per  sqnare  inoh  of  original  section pounds..    18,000 

Compreesion  per  inoh  under  strain  at  elaatie  limit inch. .0.006700 

Compression  per  inoh  ander  34,000  pounds  per  sqaare  inoh. •  ....do... 
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No.  307. 
Oompremon  test 


Mark  on  bar,  YIII. 
Length,  10". 
Diameter,  rM29. 
Sectional  area,  1  square  inch. 


AppUed 

loMsper 

sqnwQ 

inch. 

CompreMlon 
per  inch. 

SnooeaalTe 

oompreMlon 

per  inch. 

Peniuuieiit 

Mt. 

Soooeeelye 

pennanent 

tet. 

Bemaik*. 

Poundi. 

JITvwM* 

^flMA. 

Ituk. 

Inch, 

600 

1.000 
2,000 
8.000 
4.000 

0 
.000040 
.000090 

.000110 
.000170 

InltUlloiid. 

.'OOOMO" 

.000060 

.000020 
.000000 

'"'h' 

0. 
0. 
0. 

••••            ••«•■• 

ft,  000 
0,000 
7.000 
6,000 

.000200 
.000870 
.000290 
.000870 

.000080 
.000070 
.000020 
.000080 

0. 
0. 
0. 
.000010 

/ 

.'ooooio" 

9,000 

.000890 

.000020 

.000010 

0. 

10,000 

.000470 

.000080 

.000040 

.000080 

11.000 

.000400 

.000020 

.000040 

0. 

12.000 

.000540 

.000050 

.000060 

.000020 

18,000 

.000000 

.000000 

.000070 

.000010 

14.000 

.000000 

.000000 

.000080 

.000010 

IS.  000 

.000800 

.000080 

.000080 

0. 

10,000 

.000770 

.000080 

.000080 

0. 

17,000 

.000800 

.000080 

.000080 

0. 

18,000 

.000870 

.000070 

.000090 

.000010 

10,000 

.000910 

.000040 

.000090 

0. 

20,000 

.000960 

.000070 

.000100 

.000010 

21.000 

.001080 

.000080 

.000110 

.000010 

22.000 

.001100 

.000040 

.000110 

0. 

BImUo  limit. 

28.000 

.001180 

.000060 

.U00140 

.000030 

24,000 

.  001210 

.000080 

.000170 

.000030 

26,000 

.001290 

.000080 

.000180 

.000010 

26,000 

.001870 

.000080 

.000190 

.000010 

27,000 

.001440 

.000070 

.000200 

.000010 

28,000 

.001500 

.000000 

.000270 

.000070 

. 

29.000 

.001590 

.000090 

.000280 

.000010 

80,000 

.001090 

.000100 

.000800 

.000020 

81.000 

.001790 

.000100 

.000380 

.000080 

82.000 

.001890 

.000100 

.000410 

.000080 

Peroeptible  defleotioii. 

88.000 

.002010 

.000120 

.000490 

.000060 

84.000 

.002190 

.000180 

.000000 

.000110 

86,000 

.002890 

.000200 

.000740 

.000140 

80^000 

.002000 

.000210 

.000900 

.000190 

37,000 

.002880 

.002880 

.001100 

.000170 

88.000 

.008120 

.000240 

.001840 

.000240 

80,000 

.008490 

.000870 

.001670 

.000330 

40.000 

.003900 

.000410 

.001990 

.000820 

41.000 

.004200 

.000800 

.002800 

.000870 

42,000 

.004790 

.000580 

.002790 

.000480 

48.000 

.006220 

.000480 

.008680 

.000790 

Middle  deflection.  ".08. 

60.600 

Ultimate  ttrength. 

Failed  by  triple  flexure. 

When  the  middle  deflection  reached  ^^  40,  cracks  appeared  on  the 
tension  side.    The  load  sustained  at  the  time  was  40,000  pounds. 

Direction  of  middle  deflection  [    ^\  ^ 


General  eummary, 

■iMtle  limit  per  eqiiAre  inch  of  original  eeotion poonde..  22. 081 

CompreMlon  per  inch  nnder  strain  at  elaatic  limit inch..  0. OOUOO 

Oompreaeion  per incli  under  80,000 ponnds  per  aqoare  inch do...  .001790 
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No.  310. 

Compression  test 

CHUSHINO. 


Mark  on  bar,  XIY. 

Lenjirth,  S'^OO. 

Diameter,  '^8005. 

Sectional  area,  JH)3  square  inch. 


▲ppltodlMdft. 

InoreMein 

diameter 

•tmiddlA. 

SnooeMlTe 

iDoreaaein 

diameter 

at  middle. 

Pennaaent 

inereaaein 

diameter 

at  middle. 

Bemarka. 

ToUL 

PerMUMe 
Inoii. 

1,006 
5,080 
7,545 
10.060 
12,675 
15,090 
17,606 
20,120 
28,685 
26)150 
27,665 
80.180 
82,696 
85.210 
87,725 
40.240 
42.755 

51,100 

Poundi. 
2,000 
10,000 
15.000 
20,000 
2^000 
30,000 
85,000 
40,000 
46.000 
50,000 
55,000 
60.000 
65,000 
70,000 
75,000 
80,000 
85,000 

Ineh. 
0. 

0. 

.0001+ 
.0002- 
.0002 
.0008 
.0006 
.0010 
.0028 
.0065 
.0049 
.0070 
.0098 
.0121 
.0158 
.0190 
.0265 

Inch, 

Inch, 

Initial  load. 

• 

Biameten  measured 

hf*  from  eaoh  end. 

North.           South. 

".8042+        ".8042 

.8076            .8075 

.8128            .8121 

.  8182            .  8170 
Length  of  speoimen, 
2."88.     Perceptible 
Imckling.    Surftoe 
oraoks  generally  de< 
Telopea. 
Unltimate  atrength. 

.0001+ 

.0001- 

.0001- 

.0001 

.0008 

.0004 

.0018 

.0017 

.0014 

.0021 

.0028 

.0028 

.0082 

.0087 

.0075 

.0000+ 

.0028 

.ooi' 

.im" 

101,690 

Failure  occurred  by  triple  flexure. 

Pressure  was  continued  till  the  metal  separated  at  one  end  with  an 
oblique  fracture. 

Sketch  9f  Specimen,  after 
the  test. 
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No.  311. 


OompresHon  teat 


GBUSHING. 


Mark  on  bar,  XV. 

Length,  .V'.OO. 

Diameter,  '^801 3. 

Sectional  area,  .504  square  inch. 


Applied  loads. 


Total. 


Poundi. 

i.ooe 

5.040 
7.600 
10,080 
12,600 
IS.  120 
17,640 
20.100 
22,680 
26^200 
27.720 

ao,24o 

82,700 
85.280 
37,800 
40,820 
42,840 

45,860 
51,100 


Per  souare 
incn. 


Poufidi. 
2.000 
10,000 
15.000 
20.000 
25,000 
80,000 
85.000 
40,000 
45,000 
50,000 
55,000 
60.000 
66,000 
70,000 
75.000 
80,000 
85,000 

90,000 
101,880 


Increaee  in 

diameter 

at  middle. 


Inch, 
0. 

.0001- 
.0001+ 
.0002 
.0002+ 
.0008+ 
.0005 
.0010 
.0022 
.0068 
.0054 
.0073 
.0006 
.0125 
.0157 
.0187 
.0243 

.0289 


Sueoeeaive 

increaee  in 

diameter 

at  middle. 


Permanent 

increaee  in 

diameter 

at  middle. 


Inch. 


.0001- 

.0000+ 

.0001— 

.0000+ 

.0001 

.0002- 

.0005 

.0012 

.0016 

.0016 

.0019 

.0022 

.0080 

.0032 

.0040 

.0046 

.0056 


Bemarka. 


Ineh, 


0. 


Diameters  measured 

i"  from  each  end. 

".  8013       ".  8026 


0082 


0068 


.0U8 


.0187 


.8046 

.8066 

.8076 

.8086 

.8124 

.8186 

.8184          .8195 
Length  of  specimen, 
2".84.  FinesarfiMse 
cracks  developed, 
intimate  strength. 

Failed  by  triple  flexare. 

Test  discontinaed  when  specimen  was  redaced  in  length  to  2'^68. 
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No.  312. 


Oompresiion  test 


CRUSHING. 


Mark  on  bar,  XYI. 

Length,  3''.00. 

Diameter,  '^8005. 

Sectional  area,  .503  aquare  inch. 


▲lypltod  IomU. 

InoreaMln 

SnooMslye 

Permaiieiit 
iDorMMln 

at  middle. 

Remarks. 

• 

ToUL 

PerMoare 
Inon. 

at  middle.       .f-|jjj, 

1 

PImmmU. 
1,000 
5,000 
7,546 
10,000 
12,575 
15,000 
17.005 
20.120 
22.085 
25,150 
27,005 
80,180 
82.005 
85,210 
87,725 
40,210 

48,800 
49,900 

PowMb. 
2,000 
10.000 
15,000 
20,000 
25,000 
30,000 
85.000 
40,000 
45,000 
50,000 
55,000 
00,000 
05,000 
70.000 
75,000 
80,000 

Inch. 

0. 

0. 

.0001 
.0001 
.0002- 
.0002 
.0005 
.0012 
.0027 
.0047 
.0088 
.0098 
.0124 
.0159 
.0199 
.0252 

Ineh. 

0. 

0. 
.0001 

0. 

.0001- 
.0000+ 
.0008 
.0007 
.0015 
.0020 
.0021 
.0025 
.0081 
.0085 
.0040 
.0058 

Ineh, 

Diameten  meamred 

X"  from  each  end. 

".8005       ".8019 

.8045          .8050 
.8060         .8090 
.8148          .8157 

Length  of  tpeeimen, 
2".  88.  Fine  sorface 
eraoka  developed. 

Total  length,  2".  85. 

Total  length.  2.  "68. 
ultimate  strength. 

0. 

.0041 

.0087 

.0151 

99,200 

Failed  by  triple  flexure. 

Pressure  continued  after  passing  the  maximum  load,  increasing  the 
deflection  till  an  oblique  firacture  separated  the  bar  at  one  end,  similar 
to  the  fracture  of  bar  marked  XIY. 
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No.  1. 


Transverse  test 


Mark  on  bar  IX. 

Diameter,  rM29. 

Sectional  area,  1  sqaare  inch. 

Supported  at  ends  20"  apart. 

Loaded  at  middle. 

Width  of  middle  bearing,  V. 


A.ppli«d  lottdt. 

nefleetioii 

BeBurkA. 

Deflaotioo. 

Poundi, 
0 

282 
665 

847 
1,180 
1,412 
1.004 
1,877 
2,118 

0. 

10.000 
20.000 
80.000 
40.000 
50.000 
60.000 
70.000 
75.000 

Intk. 
0. 

Inch, 

BraAUng  loftd. 

.0881 
.0622 
.0888 
1242 
.1766 
.2886 
.5576 
.8188 

.0040 
.0062 
.0078 
.0188 
.0867 
.1018 

Fractured  on  the  tension  side  i"  from  the  middle  of  the  bar. 


No.  2. 
Transverse  test 


Mark  on  bar  X. 

Diameter,  l'M29. 

Sectional  area,  1  sqaare  inch. 

Supported  at  ends  20"  apart. 

Loaded  at  middle. 

Width  of  middle  bearing,  1". 


Applied  loads. 

DeflectloD. 

Deflection 
set 

1 

Total 

JCaximnm 
flbor  strain. 

Poundt, 
0 

282 
665 

847 
1,180 
1,412 
1,004 
1,786 

0. 

10.000 
2b.  000 
80.000 
40.000 
60.000 
60.000 
08.540 

Inch, 

a 

.0318 
.0008 
.0008 
.1212 
.1724 
.2068 

Inch, 

Biaaklngload. 

.0021 
.0041 
.0060 
.0168 
.0884 
.0868 

Fractured  on  the  tension  side  opposite  the  middle  bearing 


TESTS   OF   IRON   AND   STEEL  AND   OTHER  MATERIALS.      285 


No.  1. 

Tangential  test 


Mark  on  cylinder  XI. 


Length  of  cylinder  exposed  to  internal  pressure,  4:". 

Cylinder  and  reservoir  charged  with  mixture  of  bees- wax  4,  tallow  1. 

Volume  of  wax  and  tallow  in  cylinder,  3.06  cubic  inches. 

Volume  of  wax  and  tallow  in  reservoir,  3.65  cubic  inches. 

Diameter  of  reservoir  piston,  I'M 46. 

Sectional  area  of  reservoir  piston,  1.03  square  inches. 


Applied  loMia  «m 
piston  of  reMrroir, 

Platen 

Enlargement  of  diameters  of  cylinder. 

moTo- 

Per 

ment. 

Totel. 

equAre 
inoh. 

L 

2. 

8. 

4. 

6. 

6. 

PmmdM. 

Poundt, 

Inch. 

Inch, 

Ineh, 

Inoh, 

Inch. 

Inch. 

Inch. 

i,«ao 

1,000 

0. 

0. 

0. 

0. 

0. 

0. 

0 

3,0«0 

2.000 

.02 

0. 

0. 

0. 

a 

0. 

0. 

3,090 

8,000 

.04 

0. 

0. 

0. 

0. 

0. 

0. 

4.1M 

4,000 

.05 

0. 

0. 

0. 

0. 

0. 

0. 

S,1S0 

5,000 

■.^ 

•.N 

0. 

0. 

0. 

0. 

0. 

6.180 

6.000 

0. 

0. 

0. 

0. 

0. 

0. 

7,210 

7,000 

.11 

0. 

0. 

0. 

0. 

0. 

0. 

8,240 

8,000 

.12 

0. 

0. 

0. 

0. 

0. 

0. 

0.270 

9.000 

.13+ 

0. 

0. 

0. 

0. 

0. 

0. 

10,300 

10.000 

:o3 

.0000 

.0000 

.0002 

.0003 

.0000 

.0000 

1,030 

1.000 

0. 

0. 

0. 

0. 

0. 

0. 

11.380 

11.000 

.  15| 

0. 

0. 

.0002 

.0008 

0. 

0. 

12,360 

12,000 

.17 

0. 

0. 

.0002 

.0003 

0. 

0. 

18,390 

13.000 

.19 

0. 

.0002 

.0006 

.0005 

0. 

0. 

KMte( 

i  15  hoara 

under  no  l< 

DSd. 

14,420 

14,000 

.19 

.0002 

.0002 

.0005 

.0005 

0. 

0. 

16.450 

15,000 

.23 

.0002 

.0003 

.0008 

.0008 

.0002 

0. 

1,030 

1,000 

.07 

.0005 

.0005 

.0006 

.0006 

.0002 

0. 

16,480 

16,000 

.28 

.0008 

.0008 

.0010 

.0010 

.0006 

0. 

17,510. 
Rettec 

17.000 

.25 

.0008 

.0006 

.0011 

.0010 

.0007 

0. 

1 1  boar  ax 

ider  no  loa 

d. 

18.540 

18,000 

.27 

.0007' 

.0006 

.0012 

.0011 

.0007 

0. 

10, 570 

19,000 

.27 

.0008 

.0010 

.0011 

.0010 

.0007 

0. 

20,600 

20,000 

.27* 
.07i 

.0009 

.0010 

.0012 

.0011 

.0006 

0. 

1,030 

1,000 

.0006 

.0006 

.0008 

.0007 

.0002 

6. 

22,660 

22,000 

.29 

.0009 

.0010 

.0013 

.0012 

.0010 

0. 

24,720 

24,000 

.311 

.0010 

.9011 

.0012 

.0013 

.0008 

0. 

26,780 

26,000 

.83 

.0009 

.0010 

.0014 

.0013 

.0000 

0. 

28,840 

28,000 

.35 

.0006 

.0010 

.0018 

.0016 

.0009 

0. 

30.900 

30,000 

.86 

.0005 

.0009 

.0018 

.0017 

.0008 

0. 

1,030 

1,000 

.10 

.0008 

.0006 

.0010 

.0008 

.0004 

0. 

32,960 

32,006 

.86 

85,020 

84,000 

.88 

1,080 

1,000 

.'obo8 

.0007 

.0010 

.0007 

.0005 

0. 

87,090 

86,000 

.871 
.40 

39, 140 

38,000 
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Applied  loads  on 
piston  of  reservoir. 

Piston 

move* 

ment. 

Enlargement  of  diameters  of  oyllnder. 

Total. 

Per 

square 
inch. 

1. 

2. 

3. 

4. 

5. 

6L 

Poundt. 
41.200 
43.260 
46.320 
47,380 
40,440 
51,600 
1.080 
68.560 
65.620 
67.680 
59.740 
61.800 
6:).860 
65,920 
80,000 
0 

Poundt. 
40.000 
42.000 
44,000 
46,000 
48,000 
60,000 
1,000 
52,000 
54,000 
56,000 
58,000 
60.000 
62,000 
64.000 
77.610 
0 

JflOft. 

.42 

.43 

.43» 

.45 

.46 

.47 

.08 

.47 

.49 

.60 

.51 

.52 

.58 

.54 

.59 

Inch. 

Ineh. 

Inch. 

Jneh. 

Inch. 

IneJL 

1 

.0006 

.0008 

.0013 

.0011 

.0006 

0. 

««. ■•••*• 



.......... 

.0007 
.0004 

.0011 
.0016 

.0015 
.0021 

.0013 
.0021 

.0006 

.0018 

'  0. 
0. 

51,500    '    60,000 

06. 000         92. 230 

106, 000       102-  910 

.47 

, 

1,080 

1.000 

.18 

.0005 

.0014 

.0021 

.0020 

.0010 

0. 

Test  discontinued. 

GyliDder  removed  from  the  attachment,  and  the  reservoir  piston 
loaded  to  determine  the  resistance  of  the  copper  packing  or  wax  check 
after  having  been  expanded  during  the  test. 

It  was  found  that  2,000  pounds  per  square  inch  overcame  the  pack- 
ing resistance,  and  caused  flow  of  the  wax  through  the  -^inch  vent  at 
the  bottom  of  the  reservoir  chamber. 

The  vent  was  now  sealed,  and  the  piston  loaded  for  the  purpose  of 
determining  the  piston  movement  when  compressing  only  the  wax  in 
the  reservoir,  with  the  following  results: 


I  Applied  loads  on  piston  of 
reservoir. 


Total. 


Pounds. 


Per  sqnare 


Piston 
movement. 


sqni 
ion. 


ino 


Pound*. 

1.000 

10,000 

15,000 

'20,000 


Ineh. 
0. 

.06 
.10 
.13 


Remarks. 


Initial  load. 


Load  released  snd  vent  opened,  allowing  slight  escape  of  wax.    Tent  sealed  and  piston 
again  loaded. 

Initial  load. 


1,000 
20,000 
30,000 
40,000 
50.000 

1,000 


0. 
.13 
.18 
.23 
.27 
.04 


The  wax  and  tallow  now  removed  from  the  cylinder  and  reservoir, 
and  the  further  use  of  this  mixture  as  a  straining  material  discontinued. 

The  cylinder  was  again  placed  in  the  attachment  for  testing,  and 
both  cylinder  and  reservoir  now  charged  with  sperm  oil.  To  prevent 
the  oil  being  forced  through  the  pores  of  the  cast-iron  cylinder,  a  bees- 
wax lining  was  used.  Gup-leather  packing  was  used  with  the  piston 
of  the  reservoir. 
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A  load  of  34^000  poands  per  square  inch  was  applied  to  the  piston 
when  the  leather  packing  blew  oat;  there  was  '^0I  clearance  of  the 
piston  in  the  reservoir  chamber. 

Measurements  now  taken  on  the  cylinder  showed  the  following  en- 
largement of  diameters  under  zero  load : 


1. 

1 

2.          1         8. 

1 

4 

5. 

6i 

Inch. 
.0008 

-  ■  ■ 

Inch.            Inch,           IndL 
.0010    '         .0010             .0015 

Inch. 
.0006 

Inch. 
—.0001 

The  reservoir  chamber  was  rebored,  increasing  its  diameter  to  I'M 7, 
and  refitted  with  a  piston  which  closely  fitted  its  bore. 

The  cast-iron  cylinder  was  again  subjected  to  pressure,  using  water 
as  the  straining  fluid,  and  the  following  measurements  taKen : 


Applied  loAds  on  pis- 
ton of  rMenroir. 

Enlargement  of  diameters. 

Remarks. 

1 

ToUl. 

PerMure 
inon. 

1. 

2.             8. 

4. 

& 

6. 

Pounds 
5^875 

PottlMlf. 

5.000 
10,000 
15.000 
20,000 
25,000 

5,000 
80,000 

5,000 
87,210 

0 

Inch. 
.0006 

Inch. 
.0014 

Inch, 
.0021 
.0022 
.0023 

Inch. 
.0010 

Inch. 
.0010 

Inch. 
-nOOOI 

1 

\ 

.0027 



.0080 
.0023 

.0008 

'V0067 

.0015 

.0021 

.0011 

l^oooi 

.0012 

.0028 

.0020 

.0010 

1^6602 

40,000 
0 

Leakins  badly.  Load  bus-  , 
tained  i  minnte,  when 
supply  of  water  was  ex- 
hausted. 

.0010 

.0016 

.0081 

.0084 

.0017 

.0002 

The  cylinder  was  covered  with  canvas,  when  ^0,000  pounds  per  square 
inch  pressure  was  applied ;  also  when  the  load  was  increased  to  37,210 
pounds  per  square  inch. 

The  reservoir  was  again  charged  with  water.  Under  10,000  pounds 
per  square  inch  pressure  a  fine  spray  was  forced  through  the  wall  of  the 
cylinder  near  the  middle  of  its  length.  Without  applying  further  press- 
ure to  the  reservoir  piston,  weeping  of  the  cylinder  continued  till  the 
internal  pressure  fell  to  3,000  pounds  per  square  inch. 

Then  rapidly  loading  the  piston,  a  pressure  of  30,000  pounds  per 
square  inch  was  obtained ;  but  the  leakage  again  overcame  the  pump, 
and  pressure  immediately  fell. 

Uncovering  the  cylinder,  an  irregular  fissure  was  found  extending 
about  1  inch  in  length  along  the  middle  of  the  length  of  the  cylinder. 
This  fissure  nearly  closed  when  the  cylinder  was  not  strained. 

Charging  the  reservoir  and  cylinder  with  glycerine  instead  of  water, 
a  pressure  of  27,860  pounds  per  square  inch  was  reached,  when  there 
was  sudden  yielding,  unaccompanied,  however,  by  any  sound  of  rupture. 

When  examined  after  the  test,  the  fissure  on  the  exterior  surface  of 
the  cylinder  could  be  followed  a  length  of  If  inches,  and  in  the  bore  a 
length  of  1  inch. 
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No.  2. 

Tangential  test. 


Marks  on  cylinder,  XXL 


Length  of  cylinder  exposed  to  internal  pressure  4^^^ 

Cylinder  and  reservoir  charged  with  glycerine  without  using  a  lining. 

Diameter  of  reservoir  piston,  I'M7. 

Sectional  area  of  reservoir  piston,  1.075  square  inches. 


Applied  loads  on  piston 
of  reservoir. 

Enlargement  of  diameters  of  cylinder. 

Total. 

PersqnAre 
incn. 

Resenroir 
end. 

Middle. 

Lower  end. 

Poundt. 

1,075 

6,875 

10,750 

12,800 

!        10,125 

10, 850 

21,600 

23,050 

20,875 

80,100 

Poundi. 
1,000 
5,000 
10,000 
12,000 
15,000 
18,000 
20,000 
22,000 
26,000 
28.000 

Ineh. 

0. 

0. 

.0001 
.0002+ 
.0088 
.0008+ 
.0004 
.0004+ 
.0006 
.0006 

Ineh, 

a 

0. 

.0001+ 
.0008 
.0004 
.0004+ 
.0006 
.0007+ 
.0011 
.0017 

Ineh. 

0. 

0. 

.0001 
.0002 
.0008 
.0003+ 
.0004 
.0004+ 
.0006 
.0008 

Tnttialload. 
Ultimate  strength. 

The  cylinder  failed  by  opening  an  irregular  fissure  about  2  inches 
long,  extending  from  near  the  middle  towards  the  reservoir  end  in  the 
plane  in  which  the  diameters  were  measured. 

The  cylinder  was  sustaining  the  maximum  load  (28,000  pounds  per 
square  inch)  while  the  final  diameters  were  measured.  On  account  of 
the  enlargement  taking  place  perpendicular  to  the  plane  of  these  meas- 
urements, the  progress  of  failure  was  more  rapid  than  the  diameters  in- 
dicate. 

After  removal  fix>m  the  testing  machine  the  line  of  rupture  closed 
and  was  barely  perceptible  on  the  exterior  surface ;  at  the  bore  it  could 
be  more  readily  traced. 
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No.  3. 


Tangential  test 


Marks  on  cylinder,  XIII. 


Length  of  cylinder  exposed  to  internal  pressure,  4|^^ 

Cylinder  and  reservoir  charged  with  glycerine  without  using  a  lining. 

Diameter  of  reservoir  piston,  1".17. 

Sectional  area  of  reservoir  piston,  1.075  square  inch. 


Applied  loads  on  pilton 
of  reaerrolr. 

• 

Enlargement  of  diametera  of  cylinder. 

• 

Semarka. 

• 

ToUL 

P6r  Moare 
incD. 

Beeerroir 
end. 

Middle. 

Lower  end. 

PoundM. 
1.075 
5,876 
10.7S0 
12.900 
10,126 
19,860 
21^500 
28,650 
28,876 
80,100 
80,260 

Poundt. 
1,000 
5,000 
10,000 
12,000 
15^000 
18,000 
20.000 
22,000 
25,000 
28,000 
80,000 

Inch, 

0. 

0. 

0. 

0. 

0. 

.0002 
.0008 
.0006 
.0010 
.0014 

JiMdL 

0. 

0. 

.0002 
.0002 
.0002 
.0006 
.0014 
.0016 
.0020 
.0026 

Inch, 

0. 

0. 

0. 

0. 

0. 

.0002 
.0006 
.0008 
.0010 
.0012 

TnltlaUoad. 

• 

The  cylinder  burst  into  halves  with  a  sharp  but  not  loud  report  just 
as  the  pressure,  which  was  being  gradually  Increased,  had  reached 
30,000  pounds  per  square  inch. 

The  line  of  rupture  was  irregular,  and  oblique  to  the  axis  of  the  cylin- 
der, making  with  it  an  angle  of  about  6  degrees. 

8.  Ex.  35 19 


CctAST  ^M^  Zr-OTt^  A^oTt.  -i^^>M^^€^^®^^^^ 


KM^37t^X^   O'       6    I 


/    c;yo  zse        !rarwATt:o 


\j^tji£,w^MX,  a^yciT 


DDD 

DDD 

DDD 


\         tjybi^^7  ykTurzo-ny 


7 


1  c^.  3^^ 

€>. 

<^l 

XOI^K^Z^ 

o. 

?-  1 

-^^z:^            _.-^ 
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Cast  (gun)  iron  from  12''  mortar. 
[Cast  by  Soath  Boston  Iron  Works.  1 

No.  286. 
Tension  test. 


Mark  on  bar,  4. 

Length,  26''. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 


Applied 
loads  per 

square 

inoh. 

Elongation 
per  inch. 

Socoessive 

elongation 

perlnch. 

Permanent 
set. 

Saooessfve 

permanent 

set 

Ineh. 

1 
Remarks. 

Pounda. 

Inch. 

Ineh. 

500 

0. 
.000040 
.000092 
.000140 

0. 

0. 

«0. 

.000032 

Initial  load. 

1         1,000 

.000040 
.000052 
.000048 

2,000 
3,000 

.000082 

4,000 

•.000?32 

.000092 

.000082 

0. 

5.000 

.000276 

.000044 

.000036 

.000004 

6,000 

.000344 

.000068 

.000080 

.000044 

7,000 

.000448 

.000104 

.000088 

.000008 

8,000 

.000528 

.000080 

.000088 

0. 

9,000 

.000584 

.000056 

.000088 

0. 

10.000 

.000652 

.000068 

.000092 

.000004 

11,000 

.000712 

.000060 

.000092 

0. 

12,000 

.000776 

.000064 

.000096 

.000004 

13.000 

.000836 

.000060 

.000100 

.000004 

14,000 

.000912 

.000076 

.000104 

.000004 

Blastic  limit. 

15.000 

.000984 

.000072 

.000172 

.000068 

16.000 

.001124 

.000140 

.000184 

.000012 

17,000 

.001208 

.000084 

.000208 

.000024 

18,000 

.001304 

.000096 

.000228 

.000020 

19.  COO 

.001408 

.000104 

.000284 

.000086 

20,«000 

.001521 

.000113 

.000308 

.000044 

21,000 

.001652 

.000131 

.000364 

.000056 

32,000 

.001792 

.000140 

.000420 

.000056 

23,000 

.001936 

.000144 

.000504 

.000084 

24,000 

.002124 

.000188 

.000612 

.000106 

25, 000 

.002344 

.000220 

.000752 

.000140 

25,980 

Ultimate  strength. 

1 

General  summary. 

Specific  graTity 7.252 

Hardness 12.96 

Tensile  strength  per  square  inch  of  original  seotion pounds..      25,980 

Elastic  limit  per  souare  inch  of  original  section do 14,000 

Elonjcation  perincn  under  strain  at  elastic  limit .^ inch..  0.000912 

Position  of  rupture 8|"  firom  middle  of  bar. 

Character  of  broken  surface coarse  granular;  defective ; 

metal  at  circumference  of  fractured  surface — cinder  spot. 
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No.  287. 

Tefmon  test 


Mark  on  bar,  5. 

Length,  24". 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


Applied 

loads  per 

square 

incli. 

Poundi, 

Bloofcation 
per  inch. 

Saocessiye 

elon^tion 

per  inch. 

Permanent 
■et. 

Snooesslve 

permanent 

set. 

Bemarks. 

Inch, 

Ifuh. 

Ineh. 

Inch. 

506 
1,000 

0. 
.000021 

a 

0. 

TnltUlload. 

.000021 

2,000 
8,000 

.000075 
.000137 

.0rKK)54 
.000062 

0. 
0. 

4,000 

.000179 

.000042 

0. 

5,000 
0.000 

.000233 

.000054 

0. 

.000287  . 

.000054 

0. 

7,000 

.000846 

.000050 

a 

S,000 

.000408 

.000062 

.000018 

.000018 

9.000 

.000471 

.000063 

.000017 

.000004 

10.000 

.000520 

.000058 

.000029 

.000012 

11.000 

.000506 

.000067 

.000038 

.000009 

12,000 

.000667 

.000071 

.000046 

.000008 

18,000 

.000758 

.000091 

.000083 

.000037 

14,000 

.000825 

.000067 

.000088 

.000005 

Elastic  limit 

15,000 

.000004 

.000079 

.000112 

.000024 

10.000 

.000071 

.000067 

.000129 

.000017 

■ 

17,000 

.000058 

.000087 

.000150 

.000021 

1 

18,000 

.001154 

.000006 

.000175 

.000025 

1 

19.000 

.001258 

.000104 

.000204 

.000029 

1 

20,000 

.001850 

.000092 

.000254 

.000050 

1 

21.000   • 

.001467 

.000117 

.000204 

.000050 

22.000 

.001506 

.000129 

.000246 

.000042 

23.000 

.001754 

.000158 

.000325 

.00007)) 

;        24.000 

.001033 

.000179 

.000425 

.000100 

25,000 

.002158 

.000225 

.000554 

.000129 

28,000 

.002450 

.000292 

.000808 

.000254 

27,000 

.002721 

.000271 

.000958 

.000150 

27,000 

Ultimate  strength. 

General  Mfmmory. 

Tensile  strength  per  square  inch  of  original  section pounds. .      27. 9M 

Elaatio  limit  per  square  inch  of  original  section do. ...      14, 000 

Elongation  per  inon  under  strain  at  elastic  limit inch..  0.  OOMK 

Posimn  of  rupture 2  inches  from  middle  of  bsr. 

Chanoterof  broken  surface coMse  granular- 
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No.  322. 


Compression  test 

Mark  on  bar,  6. 

Length,  10". 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 


Applied 

lOMS 

per  square 
Inch. 

Compression 
per  inch. 

Saccesaive 

compression 

per  inch. 

Permanent 
set. 

Snccessiye 

permanent 

set. 

Remarks. 

Pounds. 

Inch, 

IncK 

Inch. 

Inch. 

500 

0. 

0. 

Initial  load 

1,000 

. 000040 
.000090 

.666640 

.  000050 

0. 
0. 

JLUAVMBA  1  vnm< 

2,000 

3,000 

. 000130 
.000180 
.  000210 
.000200 
.000310 
.000390 
.000410 

.000040 
.000050 
. 000030 
. 000080 
. 000020 
.000080 
.000020 

0. 
0. 
0. 
0. 
0. 
0. 
.000010+ 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

*  666616+ 

10,000 

.000480 

.000070 

.  000020 

.  000010- 

11,000 

.  000520 

.000040 

.000040 

.  000020 

12.000 

.000600 

.  000080 

.000050 

.  000010 

13,000 

.000640 

.000040 

.000060 

.000010 

14,000 

.000710 

.  000070 

.  000080 

.  000020 

15,000 

.500790 

.  000080 

.000090 

.  000010 

16,000 

.  000810 

.  000020 

.000090 

0. 

17.000 

.000880 

.  000070 

. 000100 

.  000010 

18,000 

.000950 

.  000070 

.  000100 

0. 

19.000 

.  001010 

.  000060 

.000110 

.000010 

20,000 

.001090 

.  000080 

.  000130 

.000020 

21,000 

.001140 

.  000050 

.000150 

.000020 

22,000 

.001200 

.      .000060 

.  000160 

.000010 

23,000 

.  001280 

.000080 

.000180 

.000020 

24,000 

. 001350 

.000070 

.000200 

.000020 

25,000 

. 001420 

.000070 

.  000210 

.  000010 

26,000 

.  001510 

.000090 

.000250 

.      .  000040 

27,000 

.001600 

.000090 

.U00290 

.  000040 

28,000 

. 001700 

.000100 

.000330 

.000040 

29,000 

.001790 

.000090 

.000390 

.000060 

30,000 

.001900 

.000110 

. 000440 

.000050 

31. 000 

.002010 

.000110 

.  000510 

.  000070 

32,000 

.002190 

.060180 

.  000610 

.000100 

38,000 

.002310 

.000120 

.  000730 

.000120 

34.000 

.002560 

.000250 

.000890 

.000160 

35,000 

.002790 

.000230 

. 001100 

.000210 

86,000 

.003010 

.000250 

.001290 

.000190 

Deflection  perceptible. 

37,000 

.  003360 

.  000320 

.001600 

.  000310 

88,000 

.003700 

.000340 

.001820 

.000220 

Micrometer  removed; 
deflection  at  middle, 
".01  ±. 

46,200 





Ultimate  strength. 

Failed  by  triple  flexure. 

Middle  deflection  under  maximum  load,  ^M7. 
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No.  323. 


Compression  test. 

Mark  on  bar,  7. 

Length,  10". 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 


Applied 

loads 

per  square 

inch. 

Pminda. 

Compression 
per  inch. 

Sucoessive 

compression 

per  inch. 

1 
Inch. 

Permanent 
set. 

Sacceasive 

permanent 

set. 

1 

1 
Bemarks. 

1 

Jneh. 

Inch. 

Inch. 

1 

500 
1,000 

0. 
.000050 

.066056" 

0. 
.  000020 

Initial  load. 

"666626  ' 

2,000 

.000090 

.000040 

.000030 

.000010 

3,000 

.  000150 

.000060 

.000030 

0. 

4.000 

.000200 

.000050 

.000040 

.000010 

5.000 

.000240 

.000040 

.000040 

0. 

6,000 

.000290 

.000050 

.000040 

0.      . 
.000030  ■ 

1    7, 000 

.  000370 

.  000080 

.  000070 

1    8, 000 

.000420 

.000050 

.000070 

0. 

1    9. 000 

.000480 

.000060 

.000080 

.000010 

10,000 

.  000510 

. 000030 

.000100 

.000020 

11, 000 

.000570 

.000060 

.000100 

0. 

12,  000 

.000630 

.000060 

.  OOOIOO 

0. 

13,000 

.000690 

.000060 

.000110 

.000010 

1 

14.000 

.000750 

.000060 

.  000110 

0. 

1 

15,  000 

.000800 

.000050 

.  000130 

.000020 

] 

1    16. 000 

.000880 

.  000080 

.  000150 

.000020 

1   17, 000 

.000930 

.000050 

.000160 

.000010 

1    18,000 

.001010 

.000080 

. 000170 

.  000010 

I 

19,  000 

.001070 

.000060 

.000180 

.000010 

1 

20,000 

.  001110 

.000040 

.  000200 

.  000020                     1 

'   21,000 

.  001190 

.000080 

.  000210 

.  000010 

22,000 

.  001250 

.000060 

.  000220 

.000010 

1 

23,  000 

.  001320 

.000070 

.000240 

.000020 

I 

24,000 

.  001400 

.  000080 

.000260 

.000020  ,                   1 

25, 000 

.001480 

.000080 

.000290 

.  000030 

26,  000 

.001540 

.  000060 

.000300 

.000010 

27,000 

.001620 

.000080 

. 000320 

.000020 

I 

28, 000 

.  001720 

.000100 

.000380 

.  000060                     ' 

'   29, 000 

.  001820 

.000100 

.000420 

.000040 

r 

30, 000 

.001920 

.  000100 

.000450 

.  000030 

1 

31,000 

. 002020* 

.  000100 

. 000510 

.000060 

1 

1   32, 000 

.  002170 

.  000150 

.000610 

.  000100 

1 

33,  000 

.  002320 

.000150 

.  000700 

.  000090 

r 

34,000 

.002490 

.  000170 

.  000820 

.000120 

Deflection  perceptible. 

35,  000 

.002720 

.000230 

.  001020 

. 000200 

'   36,000 

.002920 

.  000200 

.001160 

. 000140 

1 

37,  000 

.003090 

.  000170 

. 001330 

.  000170  ,                   ' 

38,000 

.  003350 

.000260 

.001500 

.000170   Micrometer  removed. 

47,  200 

Ultimate  strenfirth. 

1 

Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  ".07. 
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No.  324. 
CompresHon  test. 


Mark  on  bar,  8. 

Length,  10". 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 


persqnAre 
inoIi. 

Compreaaioxi 
per  inch. 

BaooeMiTe 

oompreasion 

per  inch. 

Permanent 
aet 

SaceeBsive 

permanent 

aet. 

BemarkB. 

Pounds. 

Jneh, 

Inch. 

Inch. 

Ineh. 

\ 

600 
1,000 
2,000 

0. 

.000080 
.000080 

.000080 
.050050 

0. 
0. 
.000020 

Initial  load. 

.'000020' 

8,000 

.000180 

.000050 

.000020 

0. 

4,000 

.000170 

.000040 

.000020 

0. 

5^000 

.000220 

.000050 

.000020 

0. 

6,000 

.000260 

.000040 

.000020 

0. 

7,000 

.000810 

.000050 

.000020 

0. 

8,000 

.000881 
.000411 

.000070 

.000020 

0. 

9,000 

.000080 

.000020 

0. 

10,000 

.000470 

.000160 

.000080 

.000010 

11,000 

.000620 

.000060 

.000040 

.060010 

12,000 

.000670 

.000060 

.000060 

.000010 

13,000 

.000680 

.000060 

.000060 

.000010 

14,000 

.000670 

.000040 

.000060 

0. 

15,000 

.000740 

.000070 

.000070 

.000010 

18,000 

.000790 

.000060 

.000080 

.000010 

17,000 

.000860 

.000060 

.000080 

0. 

18,000 

.000010 

.000060 

.000000 

.000010 

19,000 

.000070 

.000060 

.000100 

.000010 

20,000 

.001038 

.000060 

.000110 

.000010 

21,000 

.001000 

.000060 

.000120 

.000010 

22,000 

.001160 

.000060 

.000180 

.000010 

23,000 

.001200 

.000050 

.000150 

.000020 

24,000 

.001280  , 

.000080 

.000160 

.000010 

25,000 

.001840 

.000060 

.000180 

.000020 

26,000 

.001420 

.000080 

.000200 

.000020 

27,000 

.001490 

.000070 

.000220 

.000020 

28,000 

.001660 

.000070 

.000230 

.000010 

29,000 

.001640 

.000080 

.000260 

.000080 

30,000 

.001720 

.000080 

.000280 

.000030 

81,000 

.001810 

.000000 

.000820 

.000080 

82,000 

.001000 

.000000 

.400870 

.000050 

33,000 

.002000 

.000100 

.000420 

.000060 

84,000 

.002110 

.000110 

.000400 

.000070 

85,000 

.002250 

.000140 

.000580 

.000040 

36,000 

.002380 

.000180 

.000680 

.000100 

87,000 

.002530 

.000160 

.000780 

.000100 

• 

38,000 

.002780 

.000200 

.000860 

.000130 

30,000 

.002040 

.000210 

.  001080 

.000170 

40,000 

.003100 

.000250 

.001280 

.000200 

41,000 

.003430 

.000240 

.001480 

.000200 

42,000 

.008700 

.000270 

.001070 

.000240 

48.000 

.004000 

.000300 

.001050 

.000280 

44,000 

.004470 

.000380 

.0023MO 

.000370 

Defleotion  percepti- 

46,000 

.004080 

.000510 

.002830 

.000610 

ble. 

46,000 

.005510 

.000580 

.003220 

.000800 

Micrometer  remored. 

56,540 

Ultimate  strength. 

Failed  by  triple  flexure. 

Middle  deflection  under  maximum  load,  ''.2:k. 


JfoOJf   ^2. 


SEx394»l 
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STEEL  TAKEN  FROM  HOOPS  FOR  12"  MORTAR, 
(From  the  Midvale  Ste«l  Works.— OU  tempered  and  annealed.] 

No.  260. 

Tension  test. 
Marks  on  bar,  M  A  1-1. 
Length,  6''. 
Diameter,  ".564. 
Sectional  area,  .25  sqaaire  inch. 


Applied  loads 

sail 
incn. 


Total. 


i  Blonfiatlon 
Per  square    per  inch. 


Pounds. 

250 

1,250 

2,500 

8,750 

5,000 

8,250 

8,600 

8,750 

7,000 

7.250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

0,250 

0,500 

0,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11.750 

12,000 

12,250 

12,.'^)0 

12,750 

18,000 

18,250 

13.500 

13,750 

14.000 

14,250 

14,500 

14,750 

16.000 

15.250 

15.500 

15,750 

10,000 

18,250 

18,500 

16,750 

17,000 

17,260 

17,500 

18,000 

18,500 

19,000 

10,500 

20,000 

20,600 

21,000 

21,500 

22,000 

22.500 

28,000 

23,500 

24,000 

24,500 


Poundt. 

^        1,000 

6,000 
10,000 
16,000 
20,000 
25,000 
26,000 
27,000 
28,000 
20,000 
30,000 
81,000 
32,000 
88,000 
84,000 
85.000 
86.000 
37,000 
88.000 
89,000 
40,000 
41,000 
42,000 
43.000 
44,000 
45,000 
46,000 
47.000 
48,000 
40,000 
50,000 
51.000 
62,000 
53,000 
64,000 
65,000 
58,000 
57,000 
58,000 
69.000 
80.000 
61.000 
82,000 
83.000 
84.000 
65,000 
88.000 
87.000 
88,000 
89,000 
70,000 
72,000 
74.000 
78,000 
78,000 
80,000 
82,000 
84.000 
88,000 
88,000 
90,000 
92,000 
94,000 
98,000 
98,000 


Inch. 
0. 

.000138 
.000267 
.000438 
.000600 
.000733 
.000783 
.000817 
.000833 
.000850 
.000867 
.000883 
.000933 
.000987 
.  001017 
.001050 
.001087 
.001100 
.001150 
.001200 
.001233 
.001250 
.001283 
.001300 
.0013.50 
.001387 
.001400 
.001483 
.001500 
.  001517 
.001533 
.001587 
.  001617 
.OOI65n 
.001683 
.  001700 
.001717 
.001787 
. 001817 
.001887 
.001900 
.001983 
.002000 
.002033 
.002250 
.003033 
.003987 
.004717 
.005867 
.008450 
.007350 
.0100 
.0125 
.0142 
.0187 
.0183 
.0200 
.0217 
.0233 
.0287 
.0300 
.0333 
.0358 
.0383 
.0483 


•Inch.  '    ••*• 


per 


Sacceesiye 

permanent 

set. 


Bemarka. 


Inch. 

'.'6o6i88 

.000184 

.000186 

.000187 

.000133 

.000050 

.000034 

.000016 

.000017 

.000017 

.000016 

.000050 

.000034 

.000050 

.000083 

.000017 

.000033 

.000050 

.000050 

.000033 

.000017 

.000033 

.000017 

.000050 

.000017 

.000033 

.000083 

.000067 

.000017 

.000018 

.000084 

.000050 

.000033 

.000033 

.000017 

.000017 

.000050 

.000050 

.000050 

.000033 

.000033 

.000087 

.000033 

.000217 

.000783 

.000934 

.000750 

.000950 

.000783 

.000900 

.002850 

.0025 

.0017 

.0025 

.0018 

.0017 

.0017 

.0018 

.0084 

.0033 

.0033 

.0025 

.0025 

.0050 


Inch, 


0. 
0. 
0. 


.000017 
.000017 
.000017 


Ineh. 


.000017 


Initial  load. 


0. 
0. 


1 





.000017 

0. 

■ 

.000017 

0. 



1 

•••*••••*"*• 

.000017 

0. 

.000033 

'.'006016* 

.000050  '   .000017 
1 

1   ^ 

.000050 

0. 

.000087  * 

.000017 

< 

.000033  f  '.'060888 

1 

t 

! 

.605i83 

.004250 

............ 

............ 

............ 

.  ..... ...... 

...•••.«••.. 

Elastic  limit. 


Micrometer 
moved. 


re* 
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Applied  loads. 


Total. 


Pounds. 
25,090 
26,500 
26.000 
28,500 
27,000 
27,300 
22,100 


Per  Muare 
incD. 


Pounds. 
100,000 
102,000 
104,000 
106,000 
108,000 
109,200 


Blongation 
per Inch. 


Inch. 
.0483 
.0583 
.0617 
.0733 
.0067 


Suooeseive 

elongatioii 

per  Inch. 


Inch. 
.0050 
.0050 
.0084 
.0116 
.0234 


Permanent 
set. 


Ineh. 


BnoceasiTe 

permanent 

set 


Remarks. 


I 


Inch. 


Ultimate  strength.. 

Load  at  tinne  of  - 

fhu^ture. 


I 


General  eummary. 

Tensile  strength  per  square  inch  of  oriffinal  section pounds..       lOfllfiK 

Slastlclimit  per  square  inch  of  oriRinaTsection do 63,006 

Elongation  per  inon  after  rapture inch . .  O-lg 

Elongation  per  inch  under  strain  at  elastic  limit do...      .<M80S 

Beduction  In  diameter  at  point  of  rupture    ^ — do...  .1C4 

Reduction  in  area  after  rupture,  per  centum  of  origin^  section 4d.  6 

Position  of  rupture IJ"  from  neck. 

Character  of  broken  sur&oe silky,  slightly  granolsr. 

Elongation  of  inch  sections :..".14  (".88  fractured  section),  ".18.  ".12,  ".12,  ".10 

No.  264. 

Tension  test, 

Marks  on  bar,  M  Ai — 2. 

Length,  6". 

Diameter,  ".564. 

Sectional  area  .25  square  inch. 


Applied  loads. 


Pounds. 

250 

1,250 

2,500 

8,750 

5,000 

6,250 

7,500 

8,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

18,000 

18,250 

13,500 

13.750 

14,000 

14,250 

14,600 

14,750 

15,000 


Per  square 
incn. 


Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
30.000 
85,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51.000 
52.000 
53,000 
54,000 
55.000 

•  56.000 
57,000 
58.000 
59,000 
60,000 


Elongation 
per  inch. 


Inch. 
}. 

.  000117 
.000267 
.000417 
.000533 
.000683 
.000833 
.000083 
.001150 
.001167 
.001200 
.001250 
.001283 
.001317 
.001333 
.001367 
.001400 
.001433 
.001483 
.  001517 
.001550 
.001583 
.  001617 
.001667 
.001683 
.  001717 
.001800 
.001833 
.001950 


Successive 

elongation 

per  inch. 


Inch, 

•  •  •  «   ■   *  a 

.000117 
.000150 
.000150 
.000116 
.000150 
.000150 
.000150 
.000167 
.000017 
.000033 
.000050 
.000033 
.000034 
.000016 
.000034 
.000033 
.000088 
.000050 
.000084 
.000033 
.000033 
.000084 
.000050 
.000016 
.000034 
.000083 
.000083 
.000117 


Permanent 
set. 


Ineh. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


Successive 

permanent 

set. 


Remarka. 


Ineh. 


Initial  load. 


0. 


.000017 


.000017 


.000150 


.000183 


Elastic  limit. 
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Applied  loads.         i  I  . 

I  yf^^„„^At^^   Saccessive  '  -o^-^-^^^*   Successive 

Per  square,   Pe^-in^h.       ^^\^i,^  set.        |*     ^^^ 


TotaL 


Pounds. 
15,250 
15,500 
15,750 
16,000 
16,250 
16,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18.500 
19.009 
19. 500 
20,000 
20,500 
21, 000 
21.500 
22,000 
22,500 
23,000 
23.500 
24,000 
24.500 
25,000 
25,500 
26,  000 
26,500 
26,540 
22,700 


incli. 


Pounds. 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68,000 
69, 000 
70,000 
72,  000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,  000 
106.000 
106, 160 


Itich.       ; 

.002217    I 

.  003867 

.004483    I 

.005850    ' 

.006117    I 

.  007167    I 

.  007633 

.  008617 

.009283 

.  010350 

.0117 

.0133 

.0167 

.0175 

.0200 

.0233 

.0242 

.0258 

.0300 

.  0317 

.0358 

.0400 

.04.'» 

.0500 

.0567 

.0667 

.0833 

.1183 

.1333 


Inch. 

. 000267 

.  001650 

.000616 

.  001367 

.  000267 

.001050 

.000466 

.000984 

.000666 

.001067 

.  001350 

.0016 

.0034 

.0008 

.0025 

.0033 

.0009 

.0016 

.0042 

.0017 

.0041 

.  0042 

.0050 

.0050 

.0067 

.0100 

.0166 

.0350 

.0150 


Inch. 


Inch. 


.003850 


.003700 


.007783 


.003933 


Micrometer    r  e  • 
mOved. 


Ultimate  strength. 
I  Load   at  time  of 
fbhctare. 


Specific  gra\ity 
Hardness 


General  summary. 


Tensile  strength  per  sqaare  inch  of  original  section pounds.. 

Elastic  limit  per  sanare  inch  of  origiaafsection do... 

Elongation  per  inch  after  rupture inch.. 

Elongation  per  inch  under  strain  at  elastic  limit do... 

Heduction  in  diameter  at  point  of  rupture do. . . 

Eednction  in  area  after  rupture,  per  centum  of  original  section 

Position  of  rupture 2".  8  from  neck. 

Character  of  broken  surface granular,  radiating  from  a  dull  center. 

Elongation  of  inch  sections ".  11,  ".16  (".36  fractured  section).  ".)4,".  12,  ".10. 


7.8557 
23.04 
106,160 
69,000 
0.165 
.001833 
.144 
44.4 


No.  269. 

Tension  test. 
Marks  on  bar,  M.  Ai — 3. 
Length,  3''. 
Diameter,  ".560. 
Sectional  area,  .246  square  inch. 


Applied  loads. 


Total. 


Pounds. 
246 
1,230 
2,460 
3,690 
4,920 
6,150 
7.380 
8,610 
9,840 


Elongation 

Persouarei  Pe^Inch. 
incn. 


Pfmnds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25.  GOO 
30,000 
35,000 
40,000 


Inch. 

0. 

0. 

.000133 
.000300 
.000433 
.  0OU567 
.  000733 
.000900 
.001000 


Successive 

elongation 

per  inch. 


Permanent 
set. 


Inch. 


.000133 
.000167 
.  000133 
.  U00134 
.  000166 
. 000167 
.  000100 


Inch. 

0. 

-.000067 
— .  000067 
-.000067 
— .  000067 
— .  000067 
—.000067 
—.000067 
—  000067 


Successive 

permanent 

set. 


Remarks. 


Inch. 

— .OOOOCT 
0. 
0. 
0. 
0. 
0.  • 
0. 
0. 


Initial  load. 
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Applied  loada. 


TotaL 


Per  sqaare 
inch. 


Pound*. 
10,086 
10.332 
10, 578 
10,824 
11, 070 
11,316 
11, 562 
11,808 
12,054 
12,300 
12, 546 
12, 792 
13, 038 
13,284 
13,530 
18,776 
14,022 
14,268 
14,  514 
14,760 
15,006 
15,252 
15, 498 
15,744 
15,990 
16,236 
16,182 
16, 728 
16,974 
17,220 

17, 712 
18, 204 
18,696 
19,188 
19,680 
20,172 
20,664 
21,156 
21,648 
22,140 
22,632 
23,124 
23,616 
24,108 
24,600 
25,092 
25,584 
26,076 
26,380 
21,200 


Pounds. 
41,000 
42, 000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49.000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
61.000 
62,000 
63,000 
64,000 
65.000 
66,000 
67,000 
68,000 
69.000 
70,000 

72,000 

74,000 

76,000 

78.000 

80,000 

82,000 

84,000 

86^000 

88,000 

90,000 

92,000 

94.000 

96,000 

98.000 

100,  000 

102,000 

104,000 

106. 000 

107, 240 


Elongation  1 1?,^!^}!^  i  Permanent '  Saocewive 


Inch. 

. 001000 

.001067 

.001133 

.  001167 

.001200 

.  001283 

.001267 

.001267 

.001300 

.  001333 

.  001367 

.001433 

.001467 

.001500 

.001533 

.001605 

.001633 

.001633 

.001667 

.001700 

.  001700 

.001767 

.001900 

.002100 

.003300 

.004133 

.005133 

.005967 

.006833 

.007967 

.0100 
.0117 
.0133 
.0150 
.0167 
.0200 
.0217 
.0233 
.0250 
.0283 
.0317 
.0350 
.0400 
.0433 
.0500 
.0600 
.0750 
.0933 
.1217 


Inch, 

0. 

.000067 
.000066 
.  000034 
.000033 
.  000033 
.000034 

0. 

.000033 
.000033 
.000034 
.000066 
.000034 
.000033 
.  000033 
.000067 
.000033 

0. 

.000034 
.  000033 

0. 
.000067 
.000133 
.000200 
.001200 
.000833 
.001000 
.000834 
.000866 
.001134 

.  002033 

.0017 

.0016 

.0017 

.0017 

.0033 

.0017 

.0016 

.0017 

.0033 

.0034 

.0033 

.0050 

.0033 

.0067 

.0100 

.0150 

.0183 

.0284 


Inch, 
1 

Inch. 

— .  000067 

0. 

Bemarke. 


......  ...... 

............ 

—.000067 

0. 

*~.*006667 

""'6* 



1. ..:::::: 

------ ...... 

'—.' 000067 

0. 

1 

............j 

1 

.001167 

.001234 

...... ......| 

1 

1 

.005467 

.004300  1 

1 

■•" 1 

1 

.::::::;:;::i:::;:::::::: 

1          i 

Blastio  limit. 


moved. 


Ultimate  strength. 
Load    at   time  of 
fractare. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..      107,240 

Elastic  limit  per  sciuaro  inch  of  original  section • do....        62,000 

Elongation  per  inch  after  rapture inch..  0.203 

Elongation  per  inch  under  strain  at  elastic  limit do. ..      .001767 

Reduction  in  diameter  at  point  of  rupture do. . .  .  160 

Seduction  in  area  after  rupture,  per  centum  of  original  section 48.8 

Position  of  nipture 1".5  from  nect 

Character  of  broken  surface silky,  &c.,  ctip-ahaped  ends. 

Elongation  of  inch  sections ".16  (".35  fractured  section),  ".10 
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Applied  UmuU. 


TotftL 


Pound*. 
19,000 
19,250 
10.500 
19,750 
20,000 
20,300 
21,000 
21.500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
2.%  000 
25,500 
26,000 
26,500 
27,000 
27.500 
28,000 
28,500 
29.000 
29,0.'^) 
25,900 


Per  souue 
inon. 


Poundt. 

76,000 

77,000 

78,000 

79,000 

80,000 

82,000 

84.000 

86,000 

88,000 

90,000 

92,000 

94,000 

96.0U0 

08.000 

100,000 

102,000 

104,000 

106,000 

108,000 

no,  000 

112,000 
114,000 
116,000 
116,200 


per  inch.  ^Xeh. 


Inch. 

.008500 

.000067 

.010088 

.010767 

.  011700 

.013333 

.015000 

.016838 

.018633 

.020433 

.022100 

.  024367 

.027100 

.029500 

.032383 

.033333 

.036667 

.040000 

.046667 

.053333 

.060000 

.073383 

.108383 

. 113333 


Inch. 

.000867 

.000567  i 

.000066 

.000734 

.000933 

.001688 

.001667 

.001833 

.001800 

.C01800 

.001667 

.002267 

.002733 

.001600 

.002888 

.001000 

.003381 

.003383 

.006ii67 

.006666 

.006667 

.018388 

.030000 

.010000 


set. 


Inch. 


.008567 


SaooeialTe 
permuieiit 

Mt. 


Ineh. 


.003700 


.016883  I        .008266 


.027900 


.011C67 


I, 


Benuffkt. 


Micrometer  remored. 


Ultiniate  strangtb. 
Loftd    ftt    time    of 
mptaie. 


General  summary. 

Tensile  strragth  per  square  inch  of  original  section pounds..    111^200 

■Blaatio  limit  per  square  inch  of  originu  section do...      62,000 

Elongation  perlnch  after  ruptare ineh..       0.178 

Elongation  perlnch  under  strain  atelastio  limit do...    .002000 

Kedaction  m  diameter  at  point  of  mptnre do...         .OM 

Redaction  in  srea  after  rapture,  per  centum  of  original  section do...         80.8 

Position  of  raptnre ".85  from  middle  of  stent 

Character  of  broken  sarfnoe granular,  70  per  cent ;  duU  smoky  center,  80  per  oent. 

No.  95, 

Tension  test. 
Marks  on  bar,  M  As — 5. 
Length,  &'. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Blongation 
per  Inch. 

Successive 

Permanent 
set. 

Snccessiye 

permanent 

set 

Remarks. 

Total. 

Per  sauare 
inch. 

elongation 
perlnch. 

Pounds, 

250 

1,260 

2,500 

8,750 

6,000 

6,260 

7,500 

8,750 

10,000 

11,250 

12^500 

12,750 

18»000 

18»S80 

18,600 

U,780 

liOOO 

Poimtfs. 
1,000 
5,000 
10,000 
15,000 
20,000 
25^000 
80,000 
86,000 
40,000 
45^000 
50,000 
51,000 
52,000 
68,000 
64,000 
66.000 
56,000 

Ineh. 
0. 

.000133 
.000317 
.000438 
.000650 
.000688 
.000888 
.001000 
.001188 
.001288 
.001466 
.001600 
. 001516 
.001550 
.001588 
.001616 
.001650 

Ineh. 

Ineh, 

Inch. 

Initial  load. 

.000133 
.000184 
.000116 
.000117 
.000188 
.000150 
.000167 
.000188 
.000150 
.000188 
.000084 
.000016 
.000084 
.000088 
.000088 
.000084 

0. 
0. 
0. 
0. 
0. 

—  .000016 

—  .000016 

—  .000088 

—  .000016 

—  .000016 

—  .000016 
0. 

—  .000017 
.000017 

a 

..........I. 

—  .000016 

0. 
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Applied  load& 

Elongation  ^?*^«*«fi^«  Pennanent  ^°*^*'"^^!  Ti-„.^v. 

ju^rinch    '  elongation  ^««^"'«'""''  permanent  Bemarka. 

Total        Peraquaro     P«rwcli.      per  inch.  ^^  aet. 

inch. 

I 

_   _  I 

Poundi.        Pounds.  Inch.  Inch.  Inch.  Inch. 

24,990  102,000  .0717  .0117         

25.480  104,000  .0867  .0150         ' 

25.850  105,510  .1567  .0700         , Otimate atrength. 

21, 500     • Load  at  time    of 

,  !  fracture. 


General  summary. 

Specific  gravity 7.8587 

uardoess 23.44 

Tensile  strength  per  aquar**  inch  of  original  section ponnds.-       105,  510 

Elastic  limit  per  square  inch  of  original  section do. ..         56,000 

Elongation  per  inch  after  rupture inch. .  0. 21 

Elongation  per  inch  under  strain  at  elastic  limit do...       .001967 

Reduction  in  diameter  at  point  of  rupture  do-..  .ISO 

Reduction  in  area  after  rupture,  per  centum  of  original  section ^fi.C 

Position  of  rupture  middle  of  atem, 

Character  of  brolcen  aurfaco silky,  trace  of  granulation,  cup-ahaped  ends. 

Elongation  of  inch  sections 'M3  (".38  fractured  soctton),  ".12. 

No.  284. 
Tension  test. 


Marks  ou  bar,  M.  Ai — 5. 

Length,  6''. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


I 


Poundt. 

250 

1,250 

2,500 

3,750 

5,000 

6,250 

7,500 

7.750 

8,000 

8.250 

8,500 

8,750 

9,000 

9,250 

9,500 

0.750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,600 

12,750 

13,000 

13,250 

13,500 


Per  square 
inch. 


Elongation 
perlncii. 


Pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,  000 
34,000 
35,000 
36,000 
37, 000 
38,000 
39,  000 
40,000 
41.000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 


I  0. 


Inch. 

L 

.  000133 

. 000350 

. 000502 

.000667 

.000833 

.000967 

. 001000 

. 001033 

.001067 

.001100 

.  001167 

.  001200 

.001233 

.001250 

.  001283 

.  001317 

.001350 

.001367 

.001283 

. 001417 

.001450 

.001533 

.001550 

.001567 

.001600 

.001633 

.001683 

.001700 

.001733 

.001767 


Successive 

eluDgation 

piT  inch. 


Permanent 

set. 


Inch. 

'.'666133  1 
.  000217  r 
.  000152  , 
.  000165  ; 
.000166  : 
.000134  I 
. 000033  ' 
.000033 
.  000034 
.000033 
.000067  , 
. 000033 
.  000033 
.000017  I 
.000038  I 
.000034 
.000033 
. 000017 
.000016 
.000034 
.000033 
.000083 
.000017 
.000017 
.000033 
.000033 
.000050 
.000017 
.000033 
.000034 


hveh. 


Successive 

permanent 

set. 


•  Inch. 


Remarks. 


!    0. 

I    0. 


Initial  load. 


.000017 
.  000017 
.000017 
.000033 
.000033 


000017 


0. 
0. 


.000016 


0. 




, 

.000117  !   .000084 

.000117  i  0. 

.000167 

.000050 

•  •  •  •**  •  •  *  •  •   • 

.000107 

0. 

1.:;:: 

...... ......1 



TE8T8   OF  IRON  AND   STEEL  AND   OTHEB   MATERULS.      313 

No.  96. 

Tension  teat. 
Marks  on  bar,  MAs — 6. 
licngth,  6". 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounda. 
250 
l,2fi0 
2,500 
3,750 
6,000 
8,250 
7,500 
8,750 
10,000 
11,250 
12,500 
12,750 
18,000 
13,250 
13,500 
18,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15.500 
15,750 
16,000 
16.250 
16,500 
16,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18.500 
18,750 
19.000 
19,250 
19,500 
19,750 
20,000 
20.500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25.000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28^500 


Per  Mttare 
inoii. 


Pound§. 
1,000 
5,000 
10,000 
15,000 
20,000 
2^000 
30,000 
35,000 
40.000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
56,000 
56,000 
57,000 
58.000 
59.000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68.000 
69,000 
70,000 
71,000 
72,000 
73,  000 
74.000 
75.000 
76,000 
77,000 
78,000 
79,000 
80.000 
82,000 
84.000 
86.000 
88,000 
90,000 
92.000 
94,000 
06,000 
08,000 
100.000 
102,000 
104,000 
106,000 
108*000 
110,000 
112,000 
114,000 


Klon^tion 
per  iooh. 


Saoceaaive 

eloDjeation 

per  inch. 


0. 

.000100 
.000266 
.000433 
.000588 
.000766 
.000963 
.001100 
.00123a 
.  001417 
.001567 
.001600 
.  001617 
.001650 
.001667 
.001700 
. 001733 
.001766 
.001800 
. 001833 
.001867 
.001900 
. 001938 
.  001967  , 
.  002000  I 
.  002050  I 
.  002117 
.002150  ; 
.  002183  I 
.002283  , 
.002450  > 
.002816 
.008267 
.  003767 
.  004216 
.004966 
.005883 
.006450 
.007100 
.007783 
.008650 
.010183 
.011983 
.013600 
.01.H33 

■ . 017283 
.017500 
.018333 
.020000 
.023333 
.026667 
.030000 
.038838 
.036666 
.088838 
.043833 
.048388 
.056000 


Jneh. 


.000100 
.000166 
.000167 
.000150 
.000188 
.000167 
.000233 
.000183 
.000184 
.000150 
.000083 
.000017 
.000033 
.000017 
.000033 
.000033 
.000033 
.000034 
. 000033 
.000034 
.000033 
..000033 
.000034 
.  000033 
.OOOO.'iO 
.000067 
.000033 
.000033 
.000100 
.000167 
.000366 
.000451 
.000500 
.000449 
.000750 
.000917 
.000567 
.000650 
.000683 
.000867 
.001533 
.001800 
.001617 
.001833 
.001850 
.000217 
.00083? 
.001667 
.008333 
.003334 
.003888 
.003383 
.003833 
.001667 
.005000 
.005000 
.006667 


PermaBent 
■et. 


Inch, 


0. 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000017 
.000083 
.000050 


SneceasiTe 

permanent 

set. 


Inch. 


.000017 

0. 

0. 

.000016 
.000017 


.000066 


000016 


Remarks. 


Initial  load. 


.000083 


000017 


.000083        0. 


.000330 


Elastic  limit. 


.000267 


002433 


002083 


.005766 


.  013750 


.003333 


007984      Micrometer    re- 
moved. 
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^O.  285. 
Tension  test 

Marks  on  bar,  M.  A] — 6. 

Length,  6". 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

'      TotaL 

1 

Per  square 
,       incn. 

Pound*. 

1 

Pounds. 

250 

1,000 

1,250 

6,000 

2,500 

10,000 

3,750 

15.000 

6,000 

20,000 

6.250 

25,000 

7,600 

80,000 

7,750 

31,000 

8,000 

82,000 

8.250 

83,000 

8,500 

34,000 

8,750 

35.000 

9,000 

86.000 

9,250 

37,000 

9.500 

38,000 

9.750 

39,000 

10,000 

40,000 

10.250 

41.000 

10. 500 

42,0b0 

10,750 

43,000 

11,000 

44,000 

11,250 

45,000 

11,500 

46.000 

11,750 

47,000 

12,000 

48,000 

12,250 

40,000 

12,500 

50,000    , 

12,750 

51,000 

13,000 

52,000 

13,250 

63,000 

13,500 

54.000 

13,750 

55,000 

14,000 

56.000 

14,250 

57,000 

14,500 

58,000 

14,750 

59,000 

15,  000 

60,000 

15,250 

61,000 

15,500 

62,000 

15,750 

63,000 

16,000 

64,000 

16,250 

66,000 

16.500 

66,000 

16,750 

67,000 

17,  000 

68.000 

17, 250 

69.000 

17.500 

70,000 

17. 750 

71, 000 

18,000 

72, 000 

18, 260 

73, 000 

18.500 

74,000 

18,750 

75,  000 

19,000 

76, 000 

19,  250 

77,000 

19,500 

78, 000 

19,  750 

79.  000 

20, 000 

80,000 

20,500 

82,000 

21,000 

84,000 

21,600 

86,000 

22,000 

88,000 

22.500 

90,000 

23,000 

92.000 

28^600 

94,000 

Elongation ,  !|i^^?|j;  \  Permanent ',  !?:?2^^? ! 
perTnch.  **^^?^*^*2°    set.   tP«™^«nt 


Bemarlca. 


Inch. 
0. 

.000167 
.000333 
.000500 
.000617 
.000800 
.000950 
.001000 
.  001017 
.001033 
.001050 
.001117 
.001183 
.001200 
. 001217 
.001233 
.001250 
.  001283 
.001333 
.001350 
.001383 
.  001417 
.001450 
.  001483 
.001517 
.001533 
.001567 
.  001667 
.001683 
.001700 
.  001717 
.  001733 
.001830 
.  001867 
.  001917 
.  001933 
.  002017 
.  002217 
.  003533 
.004200 
. 005283 
.  006167 
. 006000 
.007600 
.  009033 
. 0U9583 
.  010667 
. 011250 
.  012167 
. 013100 
.  014117 
.  015233 
. 016067 
.  016933 
. 017850 
. 018933 
.02U683 
.0225 
.0250 
.0275 
.0308 
.0350 
.0392 
.0425 


Inch. 


.000167 

.000166 

.000167 

.000117 

.000183 

.000150 

.000050 

.000017 

.  000016 

.000017 

.000067 

.000066 

.000017 

.000017 

.000016 

.  000017 

.000033 

.000050 

.  000017 

.000033 

.000034 

.000038 

.000033 

.000034 

.000016 

.000034 

.000100 

.000016 

.000017 

.000017 

.000016 

.000117 

. 000017 

.000050 

.  000016 

.  000084 

.  000200 

.001316 

.000667 

.001083 

.000884 

. 000733 

.000700 

. 001433 

. 000550 

.001084 

.  0005a3 

.  000917 

.  000933 

.001017 

.001116 

.000834 

.  000866 

. 000917 

.001083 

.001750 

.001817 

.0025 

.0025 

.0033 

.0042 

.0042 

.0033 


Initial  load. 


.000033 
.000033 
.000033 
.000033 
.000033 


.000067 


.000067 


.000034 


a 


.000067         0. 

1 

"'".000067    1    6. 

1 

.000117 


.000183 


.000050  ; 


.000066 


Elastic  limit. 


.003900 


.008017 


.  012200 


.017367 


.  003717 


.  004117 


Micrometer 
moved. 


re-! 
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Applied  loads. 

Elonnitlon 
per  Inch. 

SncceeelTe 

SaooeeiiTe 

•et 

Remarks. 

1 

To*--       """iST" 

elongation,'"™?™'"* 
per  inch.  |       ■*'" 

1 

1 

Pcund9.       Poundt. 
24^000          9e.ooo 
24.600    :        06,000 
25,000          100,000 
25,600    .      102,000 
M,  000    '      10A.  AOO 

Inch. 
.0488 
.0560 
.0075 
.0883 
.1492 

Inch. 

.0058 

Inch. 

^LrWO^V 

Ultimate  strenfth. 
Load  at  Ume  of 
fraotare. 

.0007 
.0125 
.0158 
.0660 

21,800 

...... ...... 

:::::::::::: 

....•• ...... 

1 
1 

General  eummarjf. 

Tensile  strength  per  square  Inoh  of  orislnal  seetion ponnds..     10100^ 

Slastie  limit  per  square  inch  of  orlginsl  section do...       60;  00^ 

Songation  per Inen after mptnre * inch..    0.17 

Blongation  per  inch  nnder  strain  at  elasticlimit do...      .00198ft 

Reduction  ui  diameter  at  point  of  rnptnre do...     .164 

Rednotionin  area  after  rnptnre,  per  centam  of  original  section 48.0 

Position  of  mptare. i"  from  middle  of  stem. 

Cbnraoter  of  broken  surface silky,  interspersed  with  mlnote  graanlar  spots. 

Elongation  of  inch  Motions ".11. 'M8  (".88  frsotared  section), 'M8,  ".18,X09l 


8.  Ex.  35- 


20 


JZoo^    <^^ 


SEx3S4«l 
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No.  94. 
Tension  test. 


Marks  on  bar,  M.  A  5 — 1. 

Length,  6^'. 

Diameter,  ^^564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Totol. 


Poundt. 
250 
1.250 
2.500 
3.750 
5,000 
6.250 
7,600 
8.750 
10,000 
11.250 
12,500 
12,750 
13:000 
13,250 
13,500 
18,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15.250 
15.500 
15,750 
16.000 
16,250 
16,500 
16,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18.600 
18,750 
19,000 
19,500 
20,000 
20.500 
21,000 
21.500 
22,000 
22,600 
28,000 
28,500 
24,000 
24.500 
25,000 
25,500 
26^000 
26^500 
27,000 
27,500 
27,750 
28,000 


Per  square 
incn. 


Poundi. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80.000 
35.000 
4d.000 
45.000 
50,000 
51.000 
52.000 
63.000 
54,000 
66,000 
56,000 
67,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75.000 
76,000 
78,000 
80,000 
82.000 
84.000 
86.000 
88,000 
90,000 
92,000 
94,000 
96,000 
98»000 
100.000 
102,000 
104,000 
106,000 
106,000 
110,000 
111,000 


PermaDent 
set. 


Ineh. 
0. 

.000150 
.000333 
.000467 
.000650 
.000783 
.000800 
.001083 
.001233 
.001400 
.001650 
.001600 
.001683 
.001650 
.001717 
.001750 
.001783 
.001816 
.001833 
.001867 
.  001917 
.001966 
.002000 
.002033 
.002067 
.002117 
.002150 
.002233 
.002316 
.002483 
.002083 
.003484 
.004450 
.006017 
.006467 
.007150 
.006150 
.010188 
.011800 
.013433 
.015500 
.  017817 
.010800 
.022117 


.028333 
.031667 
.035000 
.0383:18 
.048838 
.048833 


.061667 
.078833 


Inch. 


.000150 
.000183 
.000134 
.000183 
.000133 
.000017 
.000283 
.000150 
.000167 
.000150 
.000050 
.000033 
.000017 
.000067 
.000033 
.000033 
.000033 
.000017 
.000034 
.000050 
.000049 
.000034 
.000033 
.000034 
.000050 
.000033 
.000083 
.000083 
.000167 
.000500 
.000501 
.000966 
.000567 
.001450 
.000683 
.001000 
.002033 
.  001617 
.001633 
.002067 
. 001817 
.002483 
.002817 
.004649 
.001667 
.008334 
.008333 
.008838 
.005000 
.005000 
.005000 
.008334 
.016606 


Ineh. 


Sncoessire 

permanent 

set. 


Remarks. 


Ineh. 


0. 
0. 
0. 
0. 
0. 
0. 

i  ^■ 

i  0. 
0. 
0. 


Initial  load. 


.000033 


.000067 


.000038 


.000084 


.000100 


.000767 


004&50 


008817 


.019683 


.000033 


.000667 


.008788 
'.004267' 


.010866 


Elastic  limit. 


Micrometer    re- 
moved. 


Ultimate  strength. 
Load  at  time  of 
raptnra. 
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While  sastainiog  the  maximam  load,  the  elongation  slowly  increased 
''.017.  The  load  then  began  to  fall  oft',  which  continued  till  ruptare 
took  place. 

General  $itmmary. 

Tensile  strength  per  square  loch  of  original  section poonds. .  111,000 

Elastic  limit  per  sauartt  inch  of  original  section do. . .    00, 000 

Elongation  per  incli  after  mptare inch..      0.112 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002150 

Reduction  in  diameter  at  point  of  raptnre do..        .164 

Reduction  in  area  after  rupture,  per  centum  of  original  section 40.0 

Position  of  rupture ".0  from  neck. 

Character-  of  broken  sui  face granular,  60  per  centum ;  duU,  smoky  center,  40  per  centum. 


No.  93. 

Tension  test, 

Marks  on  bar,  M  A5  — 2. 

Length,  6'^00. 

Diameter,  ^^564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

Successive 

elongation 

per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Total. 

Per  square 
'    inon. 

Poundg. 

Poundg. 

Inch, 

Ineh, 

Inch, 

Inch. 

6U0 

2,000 

0. 

••«•         •■■••* 

Initial  load. 

3,500 

10,000 

.000167 

.000167 

0. 

0. 

6.000 

20,000 

.000416 

.000249 

0. 

0. 

7.500 

80.000 

.oooras 

.000417 

0. 

0. 

10,000 

40,000 

.001088 

.000250 

0. 

0. 

12.600 

50,000 

.001500 

.000417 

0. 

0. 

16,000 

60,000 

.001888 

.000888 

0. 

0. 

16. 500 

62.000 

.001917 

.000084 

0. 

0. 

16.000 

64,000 

.002000 

.000088 

0. 

0. 

16.  MO 

66,000 

.002166 

.000166 

0. 

0. 

Elastic  limit. 

17,000 

66.000 

.002888 

.000607 

.000667 

.000667 

17,500 

70,000 

.004500 

.001667 

.002166 

.001409 

18.000 

72.000 

.006250 

.001750 

.003888 

.001667 

ia5oo 

74,000 

.007550 

.001500 

.005167 

.001884 

10,000 

76,000 

.000167 

.001417 

.006600 

.001483 

10.500 

78,000 

.011088 

.001916 

.008166 

.001666 

20.000 

80,000 

.012600 

.001417 

.009750 

.001584 

20,600 

82,000 

.014488 

.001933 

.011500 

.001750 

21.000 

84.000 

.016250 

.  001817 

.018088 

.001583 

22.000 

88,000 

.020667 

.004417 

.017600 

.004417 

23,000 

02,000 

.025666 

.004909 

.022167 

.004667 

24,000 

06,000 

.081667 

.006001 

.027888 

.005666 

2.S00O 

100,000 

.039000 

.007333 

.084017 

.007084 

26.000 

104.000 

.050000 

.011000 

.0I.'M67 

.010750 

27.000 

108,000 
111.800 



27,050 
24,200 

intimate  strength. 
Load  at  time  ox  rup- 
ture. 

' 



General  eummarg. 

Hardness 84.84 

Tensile  strength  per  square  inch  of  original  section pounds..      111.800 

Elastic  limit  per  square  inch  of  original  section do...       66,000 

Elongation  per  incn  after  rupture inoh..    0.16 

Elongation  per  inch  under  strain  at  elastic  limit do...      .002166 

Reduction  In  diameter  at  polot  of  rupture do...      .114 

Reduction  in  area  after  rupture,  per  centum  of  original  section do...  86w4 

Position  of  rupture ..    r'.2  fh»m  neok. 

Ghiffacter  of  broken  surface,  granular,  radiating  fh>m  a  dull  smoky  colored  spot  ".18  diameter  at  tha 

center  of  the  bar. 
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No.  97. 

Tension  test. 

Marks  od  bar,  M  A5— 3. 

Length,  3".00. 

Diameter,  '^564. 

Sectional  area,  .25  square  inches. 


Applied  load*. 


Total. 


Pound*. 
250 
1,250 
2,500 
8,750 
6,000 
0,250 
7,600 
8,750 
10,000 
11,250 
12,500 
12,750 
18,000 
13,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15.500 
15,750 
16,000 
18,250 
18,500 
16.750 
17.000 
17,250 
17,500 
17,750 
18,000 
18,250 
18.500 
18,750 
19,000 
10,250 
19.500 
19,750 
20,000 

20.500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 

25,600 
26,000 
26,600 
27,000 
27,500 
28,000 
28,600 


Per  Bonare 
incn. 


Poundt. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
45.000 
50,000 
51.000 
52,000 
53.000 
54,000 
65,000 
56.000 
57,000 
58.0UO 
59,000 
60,000 
61,000 
62, 000 
63,000 
64,000 
65,000 
66,000 
87,000 
68.000 
69,000 
70,000 
71.000 
72,000 
73,000 
74,000 
75,  000 
76.000 
77,000 
78,000 
79.000 
80,000 

82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94.000 
96,000 
98,000 
100,000 

102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 


Eloniratlon 
per  inch. 


Tneh. 


0. 


.000066 
.000266 
.000400 
.000588 
.000700 
.000883 
.001033 
.001200 
.001367 
.001600 
.001567 
.001633 
. 001700 
. 001733 
.001738 
.001767 
.001787 
.001800 
.001867 
.001900 
.001966 
.  002000 
.  002033 
.002067 
.002067 
.002100 
.002133 
.  002200 
.002207 
.002400 
.002500 
.  002704) 
.003067 
.  003867 
004300 
.005100 
.005667 
.006667 
.  007387 
.008167 

.009767 
.011400 
.013400 
.015167 
.  017000 
.018300 
.020667 
.022283 
.024600 
.027100 

.030000 
.036667 
.040000 
.043833 
.046667 
.050000 
.060000 


Succeesive 

elonxatton 

per  inch. 


Inch. 


.000066 
.000266 
.000184 
.OOOt'UI 
.000167 
.000133 
.000200 
.000167 
.000167 
.  000133 
.000067 
.000066 
.000067 
.000088 

0. 
.000034 

0. 
.000033 
.0000b7 
.000033 
.000086 
.  000034 
.000033 
.000034 

0. 
.000033 
.000033 
.000067 
.000067 
.  000133 
.000100 
.  04K)200 
.000367 
.000600 
.000683 
.000800 
. 000587 
.001000 
.000700 
.000800 

.001600 
.00ttf33 
.002000 
.  001767 
.001883 
.001300 
.002367 
.001566 
.002267 
.002600 

.002900 
.006667 
.003888 
« 003338 
.008334 
.003383 
.010000 


PermaDent 
aet. 


Soooea* 
aire  per- 
manent 
aet. 


.000083 


.000033 


.000033     0. 


Bemarks. 


Initial  load. 


.  000033     0. 


.000100       .000067 


Elastic  limit. 


.  001700 


.001600 


.  005167      .  003467      Rested  under  initial 

load  one  hour. 


,018300 


022867 


.008133 


009567    ^  Hiorometer  re- 
moved. 


310   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


Applied  kMds. 


Tot--    l''"«X" 


Pound*. 
29.000 
29,500 
29,660 
25,600 


Elonntlon 
perlnoh. 


Poundt. 
116,000 
118,000 
118,720 


Ineh. 
.070000 
.003333 
.  113333 


Successive 

elongation 

perlncli. 


Ineh. 
.010000 
.023333 
.020000 


set. 


set. 


Ineh. 


Bemarks. 


Ineh. 


Ultimate  strength. 
Load  at  time  of 
mptare. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  118, 720 

Elastic  limit  per  square  inch  of  original  section do 67,000 

Elongation  per  incD  after  rupture inch..        0.167 

Elongation  per  inch  nnder  ntraln  at  elastic  limit do....         .002138 

Redaction  in  diameter  at  point  of  rupture.  do....  .124 

Rednction  in  area  after  rupture,  per  centum  of  original  section 80. 2 

Position  of  rupture I"  from  neck. 

Character  of  broken  surface Granular,  80  per  cent  dull,  smoky ;  center,  20  per  cent. 

< 

No.  98. 

Temion  test, 

Marks  on  bar,  M  A5 — 4. 

Length,  3". 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

Inch. 
0. 

.000067 
.  000167 
.000367 
.000500 
.000700 
.000833 
. 001033 
.001167 
.001333 
.001533 
.001567 
.001600 
.  0016:i3 
.  001733 
.001767 
.001800 
.001800 

Successive 

elongation 

per  inch. 

Permanent 
set. 

Snocessire 

penuHuent 

set. 

1 

Remarks. 

Total. 

Per  square 
inch. 

Pound*. 

250 

1.250 

2,500 

3,750 

5,000 

6.250 

7,500 

8,750 

10,000 

11,250 

12,500 

12,750 

13,000 

13,250 

13.600 

18.750 

14.000 

14.250 

14,500 

14,750 

15,000 

15.250 

15,500 

15,760 

16,000 

16.250 

16.500 

16,750 

17,000 

17.250 

17.500 

17.750 

18.000 

Pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51.000 
52.000 
53,000 
54,000 
55,000 
56,000 
57,000 

Ineh. 

1 

Ineh.            Ineh. 

Initial  load. 

.000067 
.000100 
.000200 
.000133 
.000200 
.  000133 
.000200 
.000134 
.000166 
.  000200 
.000034 
.  0OOU33 
.000033 
.000100 
.000034 
.000033 

0. 
.000067 

0. 

.000066 
.000034 
.000033 
.000067 
.000066 
.000100 
.000134 
.000200 
.000333 
.000638 
.000667 
.000633 
.000534 

-^000100 
—.000100 
— .  000100 
—.000100 
—.000067 
0. 
0. 

.000033 
.000067 

—.000100 

0. 

0. 

0. 

.000033 
.000067 

0. 

.000033 
.000034 

Elastic  limit. 

.000067 

0. 

58,000 

.001867 

59,000 
60,000 
61,000 
62.000 
68.000 
64.000 
05.000 
66,000 
67.000 
68^000 
09.000 
70,000 
71.000 
72.000 

.001867 
.001933 
.001967 
.002000 
.002067 
.002133 
.002288 
.002367 
.002567 
.002900 
.008583 
.004200 
.004838 
.005867 
.006067 
.007038 
.007638 

.000067 

0. 

•*"f**  •-•••• 

.000100 

.000083 

1 

"*.boi70o* 

.001600 

18.250            78.000 
18, 500            74. 000 

.000700 

.000966 
.000600 



18,750 

75,000 

.004867 

.003167 
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Applied  loads. 


TotaL 


P9undt. 
19,000 
19,250 
19,500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24.500 
25,000 
25,500 
26,000 
26,500 
27.000 
27,500 
28,000 
28,500 
29,000 
29,0.V) 
25,900 


Pertoiuure 
inen. 


Ppundi. 

70,000 

77,000 

78,000 

79.000 

80,000 

82,000 

84,000 

80.000 

88,000 

90,000 

02,000 

04,000 

96,000 

08.000 

100,000 

102,000 

104.000 

106,000 

108,000 

110,000 

112,000 

114,000 

110,000 

116,200 


SaooMslre 


perlnch.   |  per'Soh.  -* 


Inch. 

.008500 

.009067 

.010088 

.010707 

.  011700 

.013333 

.015000 

.016833 

.0186.33 

.020433 

.022100 

.  024367 

.027100 

.029500    I 

.032333 

.033333 

.036667 

.040000 

.046667 

.053333 

.060000 

.073333 

.103383 

.113333 


Indi. 

.000867 
.000567 
.000966 
.000734 
.000933 
.001683 
.001667 
.001833 
.001800 
.C01800 
.001667 
.002267 
.002733 
.001600 
.002833 
.001000 
.003334 
.003333 
.006067 
.006666 
.  006667 
.013383 
.030000 
.010000 


set. 


SaooMslTe 

pennanent 

set. 


Inch. 


Inch. 


.008567 


.003700 


.016833 


.008266 


BMnsrks. 


.027900 


.  011C67    HicrometerremoTed. 


Xntimftte  strength. 
Loed    at    time    of 
mptnre. 


General  $ummary. 

Tensile  strrngtb  per  sqoare  inch  of  orlslDal  section « pounds..    116^200 

Elastic  limit  per  square  inch  of  originu  section do...      6Sk00O 

Xlongation  per  Inch  afterruptore inch..       0.178 

Slongatioo  per  inch  under  strain  at  elastic  limit do...    .002600 

Bedaction  in  diameter  at  point  of  mptnre do...         .604 

Redaction  in  area  after  niptare,  per  centum  of  original  section do...         80.8 

Position  of  rupture ".85  from  middle  of  stem. 

Character  of  broken  sur&oe granular,  70  per  cent ;  dull  smoky  center,  80  per  oent. 

No.  96. 

Tension  test, 
Marks  on  bar,  M  A  5 — 5. 
Length,  6'^ 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  mch. 

Successive 

Pennanent 
set 

Successive 

Remarks. 

Total. 

1 

Per  sanare 
inco. 

elongation 
perlnch. 

permanent 
set. 

Poundt. 

250 

1,250 

2,500 

8,750 

5,000 

6,250 

7,500 

8,750 

10,000 

11.250 

12,500 

12,750 

18,000 

13,250 

13,500 

18,750 

14.000 

Potmrfs. 
1,000 
5,000 
10,000 
15,000 
90,000 
25^000 
80,000 
85,000 
40,000 
45,000 
50,000 
51,000 
58,000 
58,000 
54,000 
55,000 
56,000 

Inch. 
0. 

.000138 
.000817 
.000438 
.000550 
.000688 
.000888 
.001000 
.001188 
.001288 
.001466 
.601500 
. 001516 
.001550 
.001588 
.001616 
.001650 

Indi. 

Inch. 

Inch. 

Initial  load. 

.000133 
.000184 
.000116 
.000117 
.000183 
.000150 
.000167 
.000188 
.000150 
.000188 
.000084 
.000016 
.000084 
.000088 
.000088 
.000034 

0. 
0. 
0. 
0. 
0. 

—  .000016 

—  .000016 

—  .000033 

—  .000016 

—  .000016 

—  .000016 
0. 

—  .000017 
.000017 

a 

..........I. 

—  .000016 

a 
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Applied  lottda. 


Total. 


Pounds. 
14,260 
14,800 
14,750 
15,000 
15,250 
16,500 
15,750 
10,000 
10,250 
10,500 
10,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,750 
10,000 
19,250 
19,500 
19,750 
20.000 
20,500 
21,000 
21.500 
22,000 
22,500 
23.000 
23,500 
24,000 
24,500 
25.000 
25,500 
26,000 
20.600 
27,000 
27,500 
28,000 
28,500 
29,000 
20,500 
29,900 
26,800 


PeraqoAre 
inok. 


Pounds. 

57,000 

58,000 

59,000 

60,000 

61,000 

62,000 

68,000 

04,000 

66,000 

06,000 

67,000 

68,000 

60,000 

70,000 

71,000 

72,000 

73,000 

74.000 

75.000 

76.000 

77,000 

78,000 

79.000 

80.000 

82,000 

84,000 

86,000 

88,000 

90.000 

92.000 

94,000 

96.000 

98,000 

100,000 

102.000 

104.000 

106, 000 

108.000 

110.000 

112,000 

114.000 

116,000 

118,000 

119,600 


Blongatton 
per  inch. 


Sneeeeeive 
elonntton 
per  Inob. 


Inch, 

.001688 

.001716 

.001738 

.001767 

.001816 

.001850 

.001866 

.001900 

.001983 

.001983 

.002016 

.002050 

.002083 

.002150 

.002183 

.002300    , 

.002417    ! 

.  002666 

.003183    I 

.003883    I 

.004467    , 

.005016 

.006083 

.006900 

.008667 

.  010167 

.011966 

.013850 

.015533 

.016666 

.018333 

.020000 

.023333 

.026667 

.028333 

.031666 

.033333    I 

.036667 

.041666    ' 

.046667 

.050000    > 

.060000 

.066666 


Peimsaeiit 
■et 


In^ 

.000088 

.000083 

.000017 

.000034 

.000049 

.000034 

.000016 

.000034 

.000038 

.00^060 

.000033 

.000084 

.000033 

.000067 

.000033 

.000117 

.000117 

.000249 

.000517 

.000700    I 

.000584 

.000549    ■ 

.001067    i 

.000817 

.001767 

.001500 

.001799 

.001884 

.001683 

.001183 

.001667 

.001667 

.008333 

.008834    i 

.001666 

.003333 

.001667 

.003334 

.004099    I 

.005001     , 

.003333 

.010000 

.006666 


Inth. 


a 


0. 


000088 


Sacoeasive 

permaaent 

set 


Inidk. 


.000016 


Bemarks. 


0. 


.000088 


£]Mtie  limit. 


.003100 

.003067 

.oi2oo6 

.008900 

............ 

::::::::::: 

...........  ............ 

1 

...... ......|........... 

Micrometer  removed. 


Ultimate  strength. 
Load   at   time  of 
rapture. 


General  eummary. 

Hardneaa 29.71 

^enaile  strength  per  sqnare  inch  of  oriffioal  section ponnda..    119,600 

£lastio  limit  per  sooare  inch  of  originalsection do...      71.000 

.Elongation  per  inch  after  rapture inch..       0.12S 

Kloogatlon  per  inch  under  strain  at  elastic  limit  do...    .002183 

Sedaction  in  diameter  at  point  of  rupture do...         .114 

'fiedaction  in  area  after  rupture,  per  centum  of  original  section  80.4 

Position  of  rupture ".7  from  neck 

Character  of  broken  sarfSaoe granular,  radiating  ftom  a  small,  dull  spot  near  center  of  bar 
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1^0.  96. 

Tension  test, 
Marks  on  bar,  MAs — 6. 
Length,  6''. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Pounds. 
250 
1.250 
2,500 
8,750 
5,000 
0,250 
7,500 
8,750 
10,000 
11.250 
12,500 
12,750 
13.000 
13.250 
13,500 
13,750 
14.000 
14.250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16,250 
16,500 
16,750 
17,000 
17.250 
17.500 
17,750 
18,000 
18.250 
18.500 
18,750 
19.000 
19.250 
10,500 
10,750 
20,000 
20.500 
21,000 
21,500 
22,000 
22,500 
23,000 
23.500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28^000 
28,500 


Per  Bonare 
iDcn. 


Poundi. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
80,000 
8^000 
40,000 
45,000 
50,000 
51,000 
52,000 
53.000 
54,000 
56,000 
56,000 
57.000 
58,000 
59.000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80.000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
94,000 
96,000 
08,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114.000 


Inch. 

0. 

.000100 
.000266 
.000438 
.000588 
.000766 
.000083 
.001100 
.00123a 
.001417  I 
.001567 
.001600 
.  001617 
.001650 
.001667 
.  001700 
.001733 
.001766 
.001800 
. 001833 
.001867 
.001900 
. 001933 
.  001967 
.002000 
. 002050 
.002117 
.002150 
. 002183 
.  002283 
.002450 
. 002816 
. 003267 
. 003767 
.004216 
.004966 
.  005883 
.006450 
.  007100 
.007783 
.008650 
.010183 
.  011983 
.013600 
.01.^433 

' .  017283 
.017500 
.018383 
.020000 
.023333 
.026667 
.080000 
.033838 
.036666 
.088333 
.043833 
.048388 
.055000 


Inch. 


.000100 
.000166 
.000167 
.000150 
.000188 
.000167 
.000288 
.000183 
.000184 
.000150 
.000033 
.000017 
.000033 
.000017 
.000033 
.000033 
.000033 
.000034 
.000033 
.000034 
.000033 
..000033 
.000034 
.  0000H3 
.  000050 
.000067 
.  000033 
.000033 
.000100 
.000167 
.000366 
. 000451 
.000500 
.000449 
.000750 
.  000917 
.000567 
.OOOtSSO 
.000683 
.000867 
.001533 
.001800 
.001017 
.001833 
.001850 
.000217 
.00083-1 
.001067 
.003833 
.003334 
.003888 
.003883 
.008838 
.001667 
.005000 
.005000 
.006667 


Permanent 
set. 


Snccesslre 

permanent 

set. 


Inch, 


0. 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000017 
.000033 
.000050 


Remarks. 


Inch. 


.000017 

0. 

0. 

.000016 
.000017 


.000066 


000016 


Initial  load. 


.000083 

.000017 

.000083 

0. 

.000350 


.000267 


Elastic  limit. 


.002433 


.002083 


1 i 1 

1 

1   . 005706 

'.003333 

"'.013750* 

".667084' 

1 

1 

1 

1 

1 

1 

' 

1 

1  .•••••  •••••• 

' 

Micrometer    re- 
moved. 
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Applied  loftds. 


ToUL 


Pounds. 
29,000 
29,500 
29.850 
27,100 


Persqnare 
incn. 


Elonntion 
permch. 


Pounds. 
116. 000 
118, 000 
110,400 


SaeoMsive 
elonslttioii 
par  mob. 


Permuieiit 
act 


Inch. 
.060000 
.080000 
.108383 


Inch. 
.010000 
.015000 
.023833 


Inch. 


SaooMaire 

pennanent 

set 


Inch. 


Remarks. 


Ultimate  ttrengili. 
Load  at  time  of  rap- 
ture. 


General  summary. 

Tensile  strength  per  square  inch  of  orieinal  section ponnds. .        119, 400 

Elaatlclimit  per  aoaare  inch  of  original  section do...  %.^^ 

Elongation  per  incn  after  mpture inch . .        .127 

Elongation  per  inch  under  strain  at  elastic  limit    do...        .002188 

Bednotion  in  diameter  at  point  of  rupture .do...        .094 

Beduction  in  area  after  rupture,  per  centum  of  original  section 30. 8 

Position  of  rupture 1"  from  neck 

Character  of  broken  surface granular,  80  per  cent. ,-  dull,  smoky  center,  20  per  cent. 

No.  99. 

Tension  test 

Marks  on  bar,  M .  As — 7. 

Length,  3''. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Tot-.      ^"toX" 


Pounds. 

250 

1,250 

2,500 

3,750 

5.000 

6,250 

7,500 

8,750 

10,000 

11,250 

12,500 

12.750 

13,000 

18,250 

13,500 

13,750 

14,000 

14,250 

14,500 

14,750 

15,000 

16,250 

15,600 

15,750 

16.000 

16,250 

16,500 

16.750 

17,000 

17,250 

17,600 

17,750 

:8.ooo 

18.250 
18,600 
18,760 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56.000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67,000 
68,000 
09,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 


Elongation 
per  inch. 


Inch. 
0. 

.000100 
.000267 
.000400 
.000533 
.000700 
.000800 
.000067 
.  001133 
.001300 
.001433 
.001467 
.001500 
.001533 
.001567 
.001600 
.001667 
.001667 
.001700 
.001767 
.001767 
.001833 
.001867 
.001900 
.002000 
.002000 
.002100 
.902100 
.002138 
.002267 
.002000 
.008083 
.003767 
.004767 
.005767 
.006567 


Successive'  t>^.«,  '  ^«i.  Successive 
elongation  P«nn«ient  permanent 
perinch.     ■•*•      set. 


Inch. 


Bemarks. 


Jfi«A. 


Inch. 


''  Initial  load. 


.000100 
.000167 
.000133 
.000133 
.000167 
.000100 
.000167 
.000166 
.  0(K)167 
.000133 
.000034 
.000033 
.000033 
.000034 
.000033 
.000067 

0. 

.000033 
.000067 

0. 

.000066 
.000034 
.000033 
.000100 

0. 
.000100 

0. 

.000083 
.000134 
.000883 
.000483 
.000784 
.001000 
.001000 
.000800 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


—.000033 

—.000033 

....■....•• 

0. 

.000038 

0. 

0. 

.000400 

.000400 

.004000 


000600 


Elastic  limit. 
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Applied  loadB. 


TotaL 


19,000 
19.250 
19,500 
19,750 
20,000 
20.500 
21.000 
21.500 
22,000 
22,500 
23,000 
23,500 
24.  (HX) 
24,500 
25,000 
2.n,500 
26,000 
26,500 
27,000 
27,600 
28,000 
23,000 


Per  sqnare 
inch. 


FnundM, 

76,000 

77,000 

78,000 

79,000 

80,000 

82,000 

84,000 

86,000 

88,000 

90.000 

92,000 

94,000 

96,000 

98,000 

100,000 

102,000 

104,000 

106,000 

108.000 

110,000 

112.000 


Bloneation  i  eioneatloir 
perTnch.  ;  •pe?'£eh. 


Inok. 

.008367 
.009100 
.  010133 
.010933 
.012767 
.015067 
.016833 
. 019067 
.021133 
.022767 
.025467 
.028433 
. 031700 
.035333 
.036667 
.043333 
.050000 
.060000 
.070000 
.093333 


Inch, 

.oooeoo 

.001000 
.000733 
.001033 
.000800 
.001834 
.002300 
.001833 
.002234 
.002066 
.001634 
.002700 
.002966 
.003267 
.003633 
.601334 
.006666 
.006667 
.010000 
.010000 
.023333 


Permanent 
■et. 


SacoeaeiTe 

permanent 

set. 


Inch. 


Indi. 


.007938 


.017567 


Bemarks. 


.009634 


.081000 


.018433 


.Micrometer 
moTed. 


re- 


Ultimate  strength. 
Load  at  time  or  mp> 
tare. 


General  summary. 

Tensile  strength  per  sqnare  inch  of  original  section pounds. .       112, 000 

Elastic  limit  per  sQuare  inch  of  original  section do...         68,000 

Xlongation  per  inch  after  rupture inch..       .18 

Xlongatlon  per  inch  under  strain  at  elastic  limit .do...       .002188 

Bedttction  in  diameter  at  point  of  rnptnre do. . .       .144 

Beduotion  In  area  after  rupture,  per  centum  of  original  section 44.4 

Position  of  rupture ".25  ftt>m  middle  of  stem. 

Character  of  broken  surface granular,  60  per  cent. ;  dull,  smoky  center,  40  per  cent. 

No.  100. 

Tension  test 
Marks  on  bar,  M.  As — 8. 
Length,  S". 
Diameter,  ''.564. 
Sectional  area,  .25  sqnare  inch. 


*  Applied  loads. 

Elongation 
per  mch. 

Successive 

Permanent 
set. 

Successive 

Bemarks. 

Totol. 

Per  sqnare 
inch. 

elongation 
per  inch. 

Inch, 

permanent 
set. 

Poundi. 
250 

Pounds, 

1   OOA 

Ineh. 
0. 

.000100 
.000267 
.000433 
.000567 
.000700 
.000867 
.001038 
. 001133 
.001367 
.001500 
.001583 
.001600 
.001688 
.001667 
.001700 
.001788 
.001767 
.001800 

Inch.            Inch. 

Initial  load. 

1  250    '         a  OM 

.000100 
.000167 
.000166 
.000134 
.000183 
.000167 
.000166 
.000100 
.000234 
.000133 
.000033 
.000067 
.000038 
.000034 
.000088 
.000088 
.000034 
.000038 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.000083 

2,500 

3,750 

5,000 

6,250 

7,500 

8,750 

10,000 

11,250 

12,500 

12.750 

13,000 

18.250 

13,500 

18,750 

14,000 

14,250 

14,500 

10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40.000 
45,000 
50,000 
51,000 
52,000 
53,000 
64.000 
55.000 
56,000 
67.000 
58,000 

.000083 

.000083 

0. 
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Applied  loads. 


TofL     ^•LX" 


Pound*. 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16, 250 
16,500 
16,750 
17,000 
17,250 
17,500 
17,750 
18.000 
18,250 
18,500 
18,750 
19,000 
19,250 
19.500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
28,500 
24.000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,300 


Pounds. 

50,000 

60,000 

61.000 

62.000 

63,000 

64,000 

65,000 

66,000 

67.000 

68,000 

60,000 

70,000 

71,000 

72,000 

78,000. 

74,000 

75,000 

76.000 

77,000 

78,000 

79,000 

80,000 

82,000 

84.000 

86,000 

88,000 

90,000 

92,000 

94,000 

96,000 

98.000 

100,000 

102, 000 

104,000 

106,000 

108,000 

110.000 

112,000 

113, 200 


Eloiij(ation 
per  Inch. 


Indi. 

.001893 
.001900 
.001933 
.002000 
.002033 
.002067 
.002100 
.002167 
.002333 
.002467 
.003000 
.003767 
.004467 
.005400 
.006133 
.007100 
.007767 
.008633 
.009267 
. 010167 
.  011083 
.011933 
.0J3467 
.015367 
. 017483 
.019438 
.021467 
.023233 
.025767 
.028933 
.031433 
.034700 
.036667 
.046667 
.050000 
.056667 
.066667 
.083333 
. 093333 


eionfniioii 
per  inch. 


!!l~f!fLT?  Permwient  !?~«!f!l? 


■et. 


Inch. 

.000033 

.000067 

.000083 

.000067 

.000033 

.000034 

.000033 

.000067 

.000166 

.000134 

.000538 

.000767 

.000700 

.000938 

.000733 

.000967 

.000667 

.000666 

.000684 

.000900 

.000866 

.000900 

.001^4 

.ooimo 

.002066 

.002000 

.002034 

.001766 

.002534 

.003166 

.002500 

.003267 

.001967 

.010000 

.003333  I 

.006667 

.010000 

.016666 


Inch. 
'.'006033' 


permanent 
set. 


Inek. 


Remarka. 


0. 


.000100 


.000067 


Elaatio  limit 


.001267 


.001167 


.005100 

'".'oosiss 

.008767 

'*".*  003667 

.017767 


.009000 


.080388 


.012566 


Micrometer  removed. 


Ultimate  stren^b. 


While  sustaining  the  maximum  load  the  bar  elongated  .04,  and  frac- 
tured suddenly. 

General  eiimmary. 

Tensile  strength  per  square  inch  of  orizinal  section pounds..    113,200 

Elastic  limitpersauare  inch  of  original  section do  ...      65,000 

Elongation  per  incn  after  rupture inch..  «       183 

Elongation  per  inch  under  strain  at  elastic  limit do...    .002100 

Reduction  in  diameter  at  point  of  rupture do. . .         .  044 

Bednction  in  area  after  rupture,  per  centum  of  original  section  15.2 

Position  of  rupture ".6  fh>m  neolc. 

Character  of  broken  surface granular,  radiating  ftY>m  a  small  surface  crack.    Two  small  snr- 

face  cracks  developed  ".4  from  opposite  ends. 


TESTS   OF   IRON   AND   STEEL   AMD   OTHER   MATERIALS.      317 

No.  313. 


Campremon  teat 


MA  ^-9 

Com      ' 


Marks  ou  bar, 

Length,  1(V'. 

Diamoter,  1''. 

Sectional  area,  .7^54  square  inch. 


Applied  londft. 


I 


Pimndt, 
785 
8,037 
7,854 
11,781 
1^708 
19.635 
28,682 
27,489 
81,416 
85,843 
80,370 
40,066 
40,841 
41,626 
42.412 
48,197 
48,062 
44,768 
45,668 
46,880 
47,124 
47,000 
48^605 
40,480 
50,266 
51,061 
51.886 
82,622 
58,407 
54,108 
54,078 
56^500 


PerMUATe 
inon. 


Poufult. 
1.000 
5,000 

10,000 
15.000 
20,000 
25,000 
80,000 
35,000 
40,000 
45.000 
60,000 
51,000 
52,000 
58,000 
54,000 
56,000 
56^000 
07,000 
68.000 
60,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
60,000 
67,000 
68,000 
60,000 
70,000 
71,040 


Compret- 

siOD  fW 

Inon. 


JndL 
0. 

.000140 
.000800 
.000480 
.000610 
.000780 
.000050 
.001100 
.001270 
.001420 
.001610 
.001640 
.001680 
.  001710 
.001760 
.001780 
.001830 
.001860 
.0M880 
.001020 
.001060 
.001000 
.002010 
.002060 
.002100 
.002140 
.002200 
.002270 
.002870 
.002660 
.008060 


SnooeMire  l 
oompres-    Pennanent 
Bion  per  set. 

inch. 


Jnefc. 


Ineh. 


.000140 
.000160 
.000180 
.000180 
.000170 
.000170 
.000150 
.000170 
.000150 
.(HWlOO 
.000080 
.000040 
.000080 
.000050 
.000020 
.000040 
.000080 
.000080 
.000040 
.000040 
.000080 
.000020 
.000060 
.000040 
.000040 
.000060 
.000070 
.000100 
.000180 
.000500 


0. 

0. 

0. 

.000010 
.000080 
.000080 
'.000060 
.000060 
.000070 
.000080 


000060 


,000100 


000740 


SaooeMlve 

pennanent 

■et. 


Ramnrks. 


Inch, 


.000010 
.000010 
.000010 
.000020 
.000010 
.0000*0 
.000010 


0. 


.000010 


.000010 


.000640 


Initial  load. 


Blaatio  limit 
Peroepilble     defleo- 
tion. 


Micrometer  remored. 
Ultimate  atrength. 


Failed  by  triple  flexare. 

Middle  deflection  ander  the  maximam  load,  'MO. 

Direction  of  middle  deflection, 


Otneral  tummarjf, 

Xlaatlo  limit  per  iqnare  inch  of  original  leotlon ponnda. 

Compreaaion  per  inch  nnder  atoalnat  elaatio  limit inch. 


66^00 
.00214 
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No.  314. 

Compr€88i4m  test, 

Marks  on  bar,  M  A^— 10. 

Length,  KV'. 

Diameter,  l'\0o. 

Sectional  area,  .866  square  inch. 


Applied  loads. 


I 


Total.    I 


Pimndi, 
806 
4,330 
8,000 
12,000 
17,320 
21,650 
25,080 
80, 810 
34,040 
88,970 
4.3,300 
44.160 
45,082 
46,888 
46,764 
47,630 
48,496 
49.362 
50,228 
51,004 
51,960 
52,826 
53,692 
54,558 
55.424 
56,290 
57,156 
58,022 
58,888 
00.200 


Per  square 
incn. 


,    Poundt. 

I         1.000 

I         5,000 

'        10.000 

15,000 

20,000 

25,000 

;        30,000 

I        35,000 

40,000 

45,000 

I        50,000 

I        51.000 

52,000 

58,000 

54,000 

55,000 

56,000 

57.000 

58,000 

59,000 

60,000 

61,000 

62,000 

63,000 

64,000 

65,000 

66.000 

67,000 

68,000 

60,520 


Compres- 
sion per 
iDch. 


Inch. 
0. 

.000120 
.000290 
.000440 
.000600 
.000770 
.000960 
.001110 
.001280 
.001450 
. 001630 
.001650 
.001680 
.001730 
.001760 
.001800 
.001830 
.001860 
.001900 
.001940 
.001980 
.002020 
.002080 
.002110 
.002170 
.002300 
.002490 
.002800 
.003380 


Sacoessive 
compres- 
sion per 
Incn. 


Inch, 


.000120 
.000170 
.000150 
.000160 
.000170 
.000190 
.000150' 
.000170 
.000170 
.000180 
.000020 
.000030 
.000050 
.000030 
.000040 
.000030 
.000080 
.000040 
.000040 
.000040 
.000040 
.000060 
.000030 
.000060 
.000130 
.000190 
.00031C 
.000580 


Permanent 
set. 


Inch. 


0. 

0. 

.000010 
.000020 
.000040 
.000050 
.000060 
.000060 
.000060 
.000070 


Successiye 

permanent 

set. 


000080 


000090 


000240 


Jneh. 


Bemarks. 


Initial  load. 


.000010 
.000010 
.000020 
.000010 
.000010 

0. 

0. 
.000010 


.000010 


.000010 


.000150 


Elastic  limit. 


Perceptible  deflec- 
tion. 

Ultimate  strength. 


Failed  by  triple  flexure. 

Middle  deflection  under  the  maximum  load,  'MO. 


Direction  of  middle  deflection. 


General  eummarjf. 


Xlastio  limit  per  sqaare  inch  of  original  section poonds..       68,000 

Compression  per  inch  nnder  strain  atelastic  limit inch..      .002110 

Compression  per  inch  under  65,000  poands  per  sqnare  inch do... 
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No.  315. 

Compression  teat 

Marks  on  bar,  M  As — 11. 

Length,  IC'. 

Diameter,  1''.019. 

Sectional  area,  .817  square  inch. 


Applied  loads. 


Poundt. 
817 
4.085 
8,170 
12,255 
lfl,340 
20,425 
24.510 
28.595 
82.680 
80,705 
40.850 
41.607 
42.484 
43,301 
44,118 
44,935 
45,752 
40,668 
47,380 
48,203 
49.550 


Per  tqnare 
Incn. 


PoufuiM. 
1.000 
5.000 
10.000 
15,000 
20,000 
25.000 
30.000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
58,000 
54,000 
55.000 
50,000 
67,000 
58,000 
60,000 
00.6S0 


Compres- 
sion per 
incn. 


Inch. 


0. 


.000110 
.000260 
.000410 
.000590 
.000750 
.000910 
.001100 

.ooiaoo 

.001440 
.001020 
.001670 
.001700 
.  001740 
.001790 
.001820 
.001870 
.001930 
.002040 
.003800 


Saooessive 

compreS' 

sion  per 

inon. 


Inch. 


.000110 
.0U0140 
.000100 
.000180 
.00010* 
.000100 
.000190 
.000100 
.000180 
.000180 
.000050 
.000080 
.000040 
.000050 
.000030 
.000050 
.000000 
.000110 
.001260 


Permanent 
set 


Ineh. 


.000010 
.000020 
.000030 
.000040 
.000040 
.000040 
.000050 
.000000 
.000070 


.000100 


Saocesslre 
permanent 

set 


Ineh. 


.000010 
.000010 
.000010 
.000010 

0. 

0. 

.000010 
.000010 
.000010 


.000080 


Remarks. 


Initial  load. 


BlaaUc  limit 

Perooptlble  defleo- 

lion. 
Ultimate  strength. 


Failed  by  triple  flexure. 

Middle  deflection  ander  the  maximum  load,  'MO. 


Direction  of  middle  defection, 


General  Bummary, 

Blastio  limit  per  sqnare  ineh  of  original  seotion poonds..      66^000 

Compression  per  inch  under  strain  at  elastio  limit inch..    .001870 

Compression  per  inch  onder  67.000  pounds  per  sqnare  inch do 001980 
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No.  316. 
Compression  test. 

• 

Marks  on  bar,  M  A5 — 12. 
Length,  W. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 


Applied 
loads  per 

square 

inoh. 

1 

Compression 
per  inch. 

Snooesslve 

compression 

per  inch. 

Permanent 
set. 

■ 

Successive 

permanent 

set. 

Bemarks. 

Poundt. 
1,000 
6,000 
10,000 
16,000 
20,000 
25,000 
30,000 
85,000 
40,000 
45.000 
60,000 
61,000 
52,000 
68.000 
54.000 
66.000 
60,000 
67,000 
68.000 
60,000 
00,000 
01,000 
61,000 

Jneh. 

0. 

.000110 
.000260 
.000400 
.000660 
.000080 
.000800 
.001030 
.001180 
.001850 
.001510 
.001640 
.001670 
.001000 
.001640 
.001670 
.001080 
.001740 
.001770 
.001800 
.001860 
.006700 

Inck. 

Inch. 

Inch. 

Initial  load. 

XlastloUmlt. 
Bapid  deflection. 
XTlomate  strength. 

.OOOUO 
.000160 
.000140 
.000150 
.000140 
.000170 
.000100 
.000160 
.000170 
.000160 
.000080 
.000080 
.000080 
.000040 
.000030 
.000020 
.000060 
.000080 
.000030 
.000050 
.008860 

0. 

.000010 
.000020 
.000080 
.000090 
.000040 
.000040 
.000040 
.000060 
.000050 

.'ooooio" 

.000010 

.000010 
0. 

.000010 
0. 
0. 

.000010 
0. 

.000060 

0. 

.000000 

.000010 

Failed  by  triple  flexnre. 

Middle  deflection  ander  the  maximam  load,  'M6. 


Direction  of  middle  deflection 


General  summary. 

Elastic  limit  per  square  inch  of  original  section  poonds. 

Compression  per  inch  under  strain  at  elastic  limit Inch. 


60.000 
001850 


SExa5491 
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No.  265. 

Tension  lest. 
Marks  on  bar,  M  As — 1. 
Length,  6". 
Diameter,  ^'.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


T.t.i:  j^'LX" 


Poundi. 
250 
1,250 
2,500 
8,750 
6,000 
6,250 
7,500 
8,750 
10,000 
10,250 
10,500 
l(f,760 
11,000 
11,250 
11,500 
11,750 
«  12,000 
12,250 
12,500 
12.750 
13.000 
13,250 
13.500 
13,750 
14,000 
14,260 
14.500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16.250 
16,500 
16,750 
17.000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,600 
21,000 
21,500 
22,000 
22,500 
23.000 
23,600 
24,000 
24.500 
25,000 
25,500 
26,000 
26,600 
27,000 
27,500 


Pounds. 
1,000 
6^000 
10,000 
15,000 
20,000 
26,000 
80,000 
35,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
4»,000 
49,000 
50,000 
51,000 
52,000 
68,000 
64,000 
66,000 
'56,010 
57,000 
68,000 
60,000 
60,000 
61,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68|000 
60,000 
70,000 
72,000 
74.000 
76,000 
78.000 
80,000 
82,000 
84,000 
86.000 
88.000 
90,000 
92,000 
94,000 
96,000 
96,000 
U)0,000 
102,000 
104,000 
106,000 
108,000 
110,000 


£lou)i(ation 


SnocMsive 
elongation 


V^^^^^'   1  perlnoh. 


Inch. 
0. 

.  000117 
.000267 
.000383 
.000667 
.000717 
.000867 
.001000 
.001150 
.001167 
.  001217 
.001267 
.  001317 
.001367 
.001383 
.001400 
.  001417 
.001467 
.001500 
.001500 
.001567 
.001633 
.001667 
.001683 
.001738 
.001767 
.001800 
.001833 
.001867 
.001083 
.002000 
.002033 
.002150 
.002238 
.002450 
.002817 
.002900 
.006250 
.004017 
.0050 
.0067 
.0083 
.0100 
.0117 
.0133  . 
.0160 
.0167 
.0183 
.0200 
.0217 
.0260 
.0283 
.0317 
.0333 
.0388 
.0417 
.0450 
.0517 
.0588 


Tneh. 


.000117 
.000160 
.000116 
.000184 
.000160 
.000150 
.000138 
.000150 

'  .000017 
.000050 
.000060 
.000050 
.000050 
.000016 
.000017 
.000017 
.000060 
.000083 

0. 

.000067 
.000066 
.000084 
.000016 
.000060 
.000084 
.000033 
.000083 
.000084 
.000066 
.000067 
.000033 
.000117 
.000083 
.000217 
.000867 
.000083 
.000350 
.000767 
.000063 
.0017 
.0016 
.0017 
.0017 
.0016 
.0017 
.0017 
.0016 
.0017 
.0017 
.0033 
.0033 
.0034 
.0016 
.0050 
.0034 
.0033 
.0067 
.0066 


Permanent 
set. 


Inch. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


0. 


000017 


000183 


001650 


BnooeesiTe 

pennanent 

set. 


Jnoh. 


.000017 


.000166 


.001467 


Remarks. 


Initial  load. 


Elastic  limit. 


Micrometer   r  e 
moved. 
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AppUedloftds. 

Elongatioii 
per  inoh. 

SaceesBWe 

eloDgatloo 

perlncli. 

Perautnent 
•et. 

SnoceeaiTe 

peiuenent 

set. 

\ 
Remarks. 

TotaL 

Per  ■qnare 
inoh. 

Pounda. 
28,000 

28,500 
28,800 
20,400 

1 

Pounda. 
112,000 
114,000 
115,200 

Inch. 
.0660 
.0867 
.1117 

Inch. 
.0067 
.0217 
.0250 

Inoh, 

Inoh, 

UltiniAte  strength. 
Load  »t  time  of 
frAotnre. 

• 

Oeneral  trnmnMry. 


115,200 

«8,000 

.18 

.002033 

.084 

27.6 


Tensile  strengtli  per  square  inch  of  original  section pounds.. 

Elastic  limit  per  sanare  inch  of  originsl  section do... 

Elongation  per  inon  after  rapture inch.. 

Elongation  perinea  nnder  strain  at  elastic  limit do... 

BednctioD  in  diam  eter  at  point  of  rupture do . . . 

Beductionln  area  after  rapture,  per  centum  of  original  section do... 

Podtion  of  roptare    2".  4  fkom  neck. 

Character  of  broken  surface granular,  small  dull  spot  near  center  of  fraotored  surfiboe. 

Elongation  of  inch  sections ''.00,  ".16  (".21  fi«ctnred  section),  ".10.  ".U.  ".U 

No.  266. 

« 

Tension  test 

Marks  on  bar,  M.  A.  —  2. 

Length,  6'^ 

Diameter,  '^564.  « 

Sectional  area,  .25  square  inch. 


Applied  loads. 

1 

Elongation 
per  inch. 

SuccessiTe 

elongation 

per  inch. 

Pennanent 
set 

SuccessiTe 

permanent 

set 

Total. 

Per  square 
inch. 

Pounda. 

250 

1.250 

2,000 

8,750 

5,000 

6,250 

7,500 

8,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

•12,000 

12,260 

12,500 

12,750 

Pounda. 
1,000 
5.000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,000 
41,000 
42.000 
48,000 

Inch. 

0. 

.000188 
.000267 
.000450 
.000600 
.000788 
.000888 
.001060 
.001217 
.001267 
.0O12S3 
.  001817 

Ineh. 

Inoh. 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000017 
.000017 
.000017 

Inoh. 

Initial  load. 

.000183 
.000184 
.000188 
.000150 
.000188 
.000150 
.000167 
.000167 
.000050 
.000016 
.000084 
.000016 
.000017 
.000088 
.000050 
.000050 
.000084 
.000016 
.000084 
.000050 
.000060 
.000083 
.000088 
.000084 
.000088 
.000050 
.000033 
.000117 
.000088 
.000067 
.000050 
.000167 
.000188 
.000800 

.000017 
0. 
0. 
0. 

a 

44,060          .601388 
45,000    ,      .001850 
46,000    ,      .001888 
47.000          .001488 
48, 000    1      .  001488 

.000017 

0. 

40,000 
50,000 
51.  OM 

.  001517 
.001588 
.001567 
.001617 
.001667 
.001700 
.001788 
.001767 
.001800 
.001850 
.001888 
.002000 
.0<nM>88 
.002150 
.002200 
.002867 
.002550 
.002850 

.000017 

0. 

18, 000            S2. 000 

18,250 
18,600 
18,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15^600 
15,750 
16,000 
16,250 
16.500 

53,000 
64,000 
55,000 
56,000 
57.000 
58.000 
'69.000 
60,000 
61.000 
69^000 
68,000 
64,000 
65.000 
66,000 



Elastic  limit 

.000017 

« 

0. 

.oooioo 

.000088 

.000450. 

.000850 
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AppUed  loftds. 

Blonjcation 
per  inoh. 

SnooeestTe 

elonoation 

perlnch. 

Pennenent 
aet 

BnooeaeiTe 

permanent 

set. 

Remarks. 

ToUl. 

PerMOAre 
Inon. 

Poundi. 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
10,000 
10,500 
20,000 
20.600 
21,000 
21,600 
22,000 
22,500 
28,000 
28,600 
24,000 

Pounds. 

67,000 

68.000 

60,000 

70,000 

72,000 

74,000 

76.000 

78.000 

80,000 

82.000 

84,000 

86.000 

88»000 

00.000 

02.000 

04,000 

08.000 

08,000 

100.000 

102,000 

104,000 

106.000 

106,000 

110.000 

Ineh, 

.008167 

.003883 

.004460 
.006883 

.0067 
.0088 
.0100 
.0126 
.0142 
.0158 
.0167 
.0102 
.0208 
.0233 
.0258 
.0283 
.0817 
.0883 
.0876 
.0408 
.0450 
.0500 
.0683 
.0602 
.0860 
S  .0000 
\  .1088 

Ineh, 

.000317 

.000516 

.000787 

.000883 

.001367 

.0016 

.0017 

.0025 

.0017 

.0016 

.0000 

.0026 

.0016 

.0025 

.0026 

.0026 

.0034 

Ineh. 

Ineh. 

IfiOTometer  remored. 

Ultimate  strength. 

Load    at   time   of 
fracture. 

.002860 

.002400 



,    24.600 

.0016 
.0042 
.0083 

26.000 
26,500 
26.000 
26.500 
27.000 
27.600 

••••••••*••- 

1 

.0042 
.0050 
.0088 
.0100 
.0158 

}.0883 

28.000          112,000 
26,160          112.800 

28.600 

•  •  • 

1 

General  eummary. 


Specific  grarity. 


ness 


bpeci 
Hard 

Tensile  strength  per  square  inch  of  original  section pounds 

Blastio  limit  per  sonare  inch  of  original  section do.. 

Elongation  per  incn. after  rapture inch. 

Elongi^on  per  inch  under  strain  at  elastic  limit do., 

Beduotionin  diameter  at  point  of  rupture do.. 

Beduction  in  area  after  rupture,  per  oentnm  of  original  aeotion , 

Position  of  rupture 2".  5 

Siaracter  of  broken  surfsoe ^. 
ongation  of  inch  sections 'MO  ".12  (".22  fractured  section)  " 

No.  271. 

Teimon  test 
Marks  on  bar,  MAx— 3. 
Length,  3". 
Diameter,  ''.660. 
Sectional  area,  .246  sqaare  inch. 


7.8588 

27.82 

.      112,600 

60^000 

0.128 

..      .001888 

.084 

27.8 

flpom  neok. 

tnlar. 

".10  ".08 


Applied  loads. 

Elongation 
per  mch. 

Successive 

elongation 

perlnch. 

Permanent 
set 

Suceeasiye 

permanent 

set. 

Remarks. 

1 

Total. 

PersQuare 
inch. 

Pounde. 

246 

1.230 

2,460 

3.600 

4,020 

8,160 

7.380 

8,610 

0,840 

10,086 

10,882 

Poundi. 
1,000 
5,000 
10,000 
18,000 
20,000 
26,000 
80,000 
36,000 
40.000 
41,000 
42,000 

ifMft. 

0. 

.000167 
.000833 
.000467 
.000600 
.000767 
.000888 
.001083 
.001187 
.001167 
.001200 

Ineh. 

Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

JfMft. 

Initial  load. 

• 

"".'oooiw' 

.000166 
.000184 
.000183 
.000167 
.000060 
.000200 
.000184 
0. 
.000083 

1 
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Applied  loads. 


Total. 


Pounda. 
10, 578 
10,824 
11,070 
11. 316 
11,562 
11.808 
12.054 
12. 300 
12.546 
12. 792 
13,038 
13. 284 
13,530 
13.776 
14.022 
14.268 
14. 514 
14,760 
15,006 
15.252 
15,498 
15.744 
15,990 
16. 236 
16,482 
16, 728 
16.974 
17.220 
17,712 
18,204 
18,696 
19.188 
19.680 
20. 172 
20,664 
21.156 
21.648 
22.140 
22,632 
23.124 
23,616 
24,108 
24,600 
25,092 
25.584 
26,076 
26.568 
27,060 
27.552 
25,100 


Per  square 
incn. 


Poundt. 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53.000 
54.000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
61,000 
62,000 
63.000 
64,000 
65,000 
66,000 
67.000 
68,U00 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84.000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110.000 
112,000 


Elongation  -  5S2^"JjJ?  Permanent 


per  inch. 


Inch. 
.001288 
.001300 
.001333 
.001433 
.001433 
.001467 
.001467 
.001500 
.001500 
.001583 
.001600* 
.001683 
.001667 
.001767 
.001800 
.001800 
.001883 
.001938 
.002067 
.  002133 
.002200 
.002500 
.002867 
.003467 
.003883 
.004533 
.005333 
.006267 
.0067 
.0088 
.0133 
.0150 
.0150 
.0167 
.0183 
.0200 
.0200 
.0238 
.0260 
.0288 
.0300 
.0850 
.0367 
.(M17 
.0467 
.0538 
.0633 
.0788 
.1883 


elongation 
perlnch. 


set. 


Inch. 

.000033 
.000067 
.000033 
.000100 

0. 
.000034 

0. 
.000033 

0. 

.000033 
.000067 
.000033 
.000034 
.000100 
.000033 

a 

.000033 

.000100 

.000134 

.000066 

.000067 

.000300 

.000367 

.000600 

.000366 

.000700 

.000800 

.000934 

.000433 

.0016 

.0060 

.0017 

0. 

.0017 
.0016 
.0017 

0. 

.0033 
.0017 
.0083 
.0017 
.0050 
.0017 
.0050 
.0050 
.0066 
.0100 
.0150 
.0600 


Jneh. 


0. 


SncceasiTe 

permanent 

set. 


Inch. 


Remarks. 


0. 


a 


.000100 


.000883 


.003800 


.000100 


Elastic  limit 


.000733 


.002967 


MicroDketer  removed. 


Ultimate  strength, 
lioad    at    time    of 
fracture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..      112,000 

Elastic  limit  per  square  inch  of  original  section ..do...        ^PSJ 

ElongaUon  per  inch  after  mpture.............. inch..  OjlW 

Elongation  per  inch  under  strain  at  elastic  limit do...      .002200 

Bednotion  in  diameter  at  point  of  rupture •;•;••;-■••/. "**••  ?k^! 

Beduction  in  area  after  rupture,  per  centum  of  original  section ;:/v: ',%•:,      *    '^^ 

Position  of  rupture -, *"  from  middle  of  stem. 

Character  of  broken  surface , 'f"^?!^?.;  i?2S  ijHjP®*  ??  *^?*^'- 

Etongation  of  inch  sections ".18  (".30  fractured  section)  ".12 
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No.  272. 


Tension  test 
Marks  od  bar,  M  A, — 4. 
LeDgth,  3''. 
Diameter,  ''.560. 
Sectional  area,  .246  square  inch. 


Applied  loads. 


Total. 


Pounds. 
246 
1.230 
2,460 
8,600 
4,920 
6,150 
7,880 
8.610 
9,840 
10,0d6 
10,832 
10, 678 
10,824 
11,070 
11, 816 
11,662 
11.808 
12.064 
12.300 
12.546 
12,792 
13.038 
18,284 
18.630 
13.776 
14,022 
14.268 
14, 514 
14,760 
16,006 
15,252 
16,486 
1^744 
15,990 
16^236 
16,482 
16,728 
16,974 
17,220 
17,712 
18,204 
18,606 
19,188 
19,680 
20,172 
20,664 
21.156 
21.648 
22.140 
22,632 
28,124 
23,616 
24,108 
24,600 
26,092 
26,684 
26,076 


Per  Muue 
incn. 


Peundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
30,000 
86.000 
40,000 
41.000 
42.000 
48,000 
44,000 
45.000 
46.000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55.000 
56.000 
57.000 
58,000 
50,000 
60.000 
61,000 
62.000 
68,000 
64.000 
65.000 
66,000 
67,000 
68,000 
60,000 
70.000 
72,000 
74,000 
76,000 
78.000 
80,000 
82.000 
84.000 
86,000 
88,000 
90,000 
92,000 
94,000 
96.000 
98,000 
100.000 
102.000 
104,000 
106,000 


Elongation 
peruioh. 


Jneh. 

0. 

.000083 
.000067 
.000183 
.000400 
.000667 
.000733 
.001000 
.001067 
.001067 
.001067 
.001100 
.001133 
.001267 
.001333 
.001367 
.001400 
.001400 
.001433 
.001433 
.001467 
.001500 
.001533 
.001600 
.001667 
.001788 
.001800 
.001838 
.001867 
.002000 
.002100 
.002233 
.002400 
.001707 
.003400 
.003800 
.004700 
.005807 
.006338 
.0083 

VOIOO 
.0183 
.0167 
.0183 
.0183 
.0200 
.0217 
.0233 
.0267 
.0300 
.0317 
.0388 
.0867 
.0400 
.0460 
.0500 
.0588 


SacceasWe 

elonsation 

per  Inoh. 


Xnek. 


.000033 
.000034 
.000066 
.000267 
.000267 
.000066 
.000267 
.000067 

0. 

0. 

.000083 
.000033 
.000184 
.000066 
.000034 
.000034 

0. 
.000083 

0. 

.000034 
.000083 
.000033 
.000067 
.000067 
.000066 
.000067 
.000088 
.000034 
.000138 
.000100 
.000183 
.000167 
.000367 
.000638 
.000400 
.000900 
.000667 
.000966 
.001967 
.0017 
.0083 
.0084 
.0016 

0. 

.0017 
.0017 
.0016 
.0034 
.0033 
.0017 
.0016 
.0034 
.0033 
.0050 
.0050 
.0088 


Pennanent 
■et 


Sacoeeaive 
permanent 

set. 


Indi, 


0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 


Inch, 


0. 


0. 


.000000 


00U067 


000783 


008733 


.000000 


.000067 


.000666 


.008000 


Remarks. 


Initial  load. 


Blaatic  limit. 


Kiorometer  removed. 


n 
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Applied  loads. 

Elonntion 
per  Inch. 

SacceaeiTe 

•lonnitloii 

perlnoh. 

SnoceaaiTe 

, 

T.UL      ^"toX" 

PermHieiit  ^rmMnmt 
■•*•        ,       aet. 

i 

BMoarku 

Pounds. 
26,668 
27,060 
27,620 
25^700 

Poundt. 
108,000 
110,000 
111.870 

.0667 
.0767 
.1167 

Jnth. 
.0184 
.0100 
.0400 

Inch. 



Ultimate  streofth. 
Load  at  time  of  finao- 

tore. 

General  eummarjf. 

Spedfle  grarity 7.8561 

Hardneea 25^43 

Teudie  strength  per  square  inch  of  original  aeotion ponnds..  111,870 

Elastic  limit  per  square  inch  of  origins!  section „ do...  60,000 

Bl<mgation  per  incn  after  rapture 4. ...inch..  0.167 

Blongation  per  inch  onder  strain  at  elaatio  limit do...  .001807 

BedaotioD  in  diameter  St  point  of  mptore do...  .680 

Bednotton  in  area  after  mptore,  per  oentnm  of  original  section 26L4 

Poaitionof  mptare i^fhun  middle  of  stam. 

Character  of  broken  sarfaoe • - graniilAr. 

Elongation  of  inch  sections ".16  (".20  fhMtored  section).  'Ml 

No.  310. 


Tension  test. 
Marks  on  bar,  "5** 
Length,  6". 
Diameter,  ".564. 
Sectional  area,  .25  sqnare  inch. 


Applied  loads. 

perlnoh. 

Suooessire 

elongation 

per  Inch. 

Permanent 
set. 

Snccessive 

permanent 

set. 

• 

9 

Total. 

• 

Per  saaare 
incn. 

Poundt. 

250 

1,250 

2.600 

8.750 

6.000 

6,250 

7,600 

8,760 

10,000 

10,250 

10.600 

10.750 

11.000 

11,260 

11.500 

11,750 

12,000 

12,250 

12,500 

12,760 

18,000 

18,250 

18,500 

18,750 

14,000 

14,250 

14,500 

14.760 

16,000 

15,260 

16.500 

16,760 

16.000 

Po%Mdt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25.000 
80.000 
35.000 
40.000 
41.000 
42,000 
43,000 
44,000 
45.000 
46^000 
47,000 
48.000 
40.000 
50,000 
51,000 
52.000 
53.000 
54,000 
55,000 
66,000 
57,000 
58,000 
50,000 
60.000 
61.000 
62.000 
68,000 
64.000 

Inch. 
0. 

.000117 
.000238 
.000388 
.000550 
.000700 
.000867 
.001083 
.001200 
.  001217 
.001250 
.001288 
.001817 
.001850 
.001388 
.001400 
.001488 
.001467 
.001583 
.0015b7 
.001600 
.001688 
.001667 
.001700 
.001738 
.001767 
.001800 
.001838 
.001867 
.001083 
.001068 
.002050 
.002117 

Inch. 
0. 

.000117 
.000116 
.000150 
.000167 
.000150 
.000167 
.000166 
.000167 
.000017 
.000033 
.000083 

Inch. 
0. 
0. 
0. 

t 

0. 
0. 
0. 
0. 

Ineh. 
0. 

Initial  load. 

^ 

t 

...■••  .••... 

.000034 
.000088 

•    0. 

.000033 
.000017 
.000088 

.000034 
.000066 
.000034 
.000038 
.000033 
.000084 
.000083 
.000033 
.000034 
.000038 
.000088 
.000084 
.000066 
.000050 
.000067 
.000067 

******  .•"." 

0. 

. 

0. 

0. 

••■•••*••••• 
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r  ■ 

Applied  loftdB. 

Elongatloii 
permoli. 

SaccessiTv 

etonntion 

permoh. 

Peimenent 

■et. 

SaooeaslTe 

permaneiit 

set. 

BemArke. 

Total. 

Per  Mvare 
inoh. 

1 
FcundM,  •    Potmtft. 
16,360    i        66;000 
lOuSOn           M  oiM 

.002188 
.002850 
.002467 
.002788 
.003188 
.004017 
.005300 
.007088 
.008067 
.010667 
.012167 
.013367 

.000066 

.000167 
.000117 
.000266 
.000400 
.000684 
.001288 
.001733 
.001934 
.001700 
.001500 
.001200 
.002416 
.001087 

tneh. 
.000117 

Inch, 

.000117 

ShwtioUmit 

16,750 
17.000 

67,000 
flA  nnn 

17. 250           flO.  MM 

17,500 
18,000 
18,500 
19.000 
10,500 
20,000 
20,500 
21,000 
21,600 

70.000 
72,000 
74,000 
76^000 
78,000 

.001588 

.001466 

• 

Miorometer  remoyed. 

Ultimate  etreiifftli. 
Load  »t  time  ofrap' 
ture. 

.•••••..•••• 

80,000 
82,000 
84,000 
ML  000 

.015788 

.017450 

22,000    1        88,000 
22,500    1        90,000 
28.000            02.000 

.  019600          -  009380 

.021500 

.023167 

.026133 

.0283 

.0308 

.0333 

.0388 

.0438 

.0483 

.0583 

.0650 

.0900 

.1067 

.001700 

.001667 

.002966 

.002167 

.0035 

.0025 

.0050 

.0050 

.0050 

.0060 

.0017 

.0250 

.0167 

98,500 
24,000 
24,600 
26,000 
25.500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,020 
26,100 

94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
112,080 

General  •mmnary. 

Tensile  strength  per  aqnue  inoh  of  original  Motion pounds..         IIZ  080 

Slastic  limit  per  sonsre  inoh  of  originsTseotion do  ..  66,000 

Xhmgaitlon  per  inon  after  rsptnre inch..       0.1967 

Elongation  per  inoh  nnder  strain  at  elastic  limit do...         .002188 

Rednetlon  in  diameter  at  pohit  of  ruptare...., do...         .074 

Bednction  in  area  after  rapture,  per  oentum  of  originsl  section 24.4 

Position  of  rupture |"  from  middle  of  stem. 

Character  of  broken  surfue granular,  radiating  fttnn  a  small  dull  spot  at  the  ciroumference 

Elongation  of  inch  sections ".W,  ".09.  ".11  (1'.22  fractured  section),  ".14,  ".09' 


No.  311, 
TenHon  test 


M.  Az. 


Marks  on  bar, 

Length,  6^'. 

Diameter,  '^564• 

Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
per  inch. 

SnooeosiTe 

elongation 

per  inch. 

Permanent 
set. 

SucoesslTe 

permanent 

set. 

Remarks. 

Total. 

Per square 
inch. 

1 

P^undt. 

850 

1,250 

2,500 

3,750 

5.000 

6,250 

7,500 

8,750 

10.000 

10,250 

Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
26.000 
30,000 
85,000 
40,000 
41,000 

In^. 
0. 
.000088 

.000217 
.000867 
.000688 

.000700 
.000660 
.001083 
.001183 
.001200 

Inek, 
0. 
.000088 

.000184 
.000160 

IndL 
0. 
0. 
0. 

0. 

Inch. 

Initial  load. 

.000166    :    0. 
.000167    !    0. 

.000160 
.000183 
.000150 
.000017 

0. 
0. 
0. 

«••••■  .■«•• 
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Applied  loads. 


TotoL 


Pound » 

10,500 

10.750 

11,000 

11,250 

11,500 

11,750 

12,000 

12.250 

12,500 

12,760 

18,000 

18,250 

18,500 

18,750 

14,000 

14,250 

14,500 

14.750 

15,000 

15,250 

15,500 

15,750 

16,000 

16,250 

16,500 

16,750 

17,000 

17,250 

17,500 

18,000 

18,500 

19,000 

19,500 

20.000 

20,500 

21,000 

21,500 

22,000 

22,500 

23,000 

28,500 

24,000 

24,500 

25,000 

25,500 
26,000 
26,600 
27,000 
27,600 
27,700 
26,500 


Per  aooare 
inon. 


Pound*. 
42,000 
43.000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51,000 
52,000 
58,000 
64,000 
65,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96.000 
08,000 
100,000 

102,000 
104,000 
106.000 
108,000 
110,000 
110,800 


Elimntion  SpoocMive 


Ineh. 

.001233 

.001283 

.  001317 

.001350 

.001388 

.001400 

.001433 

.001467 

.001500 

.001567 

.001583 

.001617 

.001667 

.001700 

.001783 

.001767 

.001800 

.001833 

.001933 

.001983 

.002067 

.002150 

.002317 

.002483 

.002817 

.003150 

.003667 

.004400 

.005350 

.006617 

.008800 

.000738 

.  011700 

.013738 

.015388 

.016533 

.018700 

.020783 

.022867 

.025367 

.027700 

.030500 

.088583 

.037783 

ft 

.0417 
.0467 
.0617 
.0688 
.0783 
.1060 


Inch. 

.000038 

.000050 

.000034 

.000033 

.000033 

.000017 

.000088 

.000034 

.000033 

.000067 

.000016 

.000034 

.000050 

.000033 

.000033 

.000034 

.000033 

.000033 

.000100 

.000050 

.000084 

.000083 

.000167 

.000166 

.000834 

.000333 

.000517 

.000733 

.000050 

.001267 

.001683 

.001433 

.001967 

.002133 

.001650 

.  001150 

.002167 

.002083 

.002084 

.002500 

.002333 

.009800 

.003088 

.004200 

.008967 

.0050 

.0050 

.0116 

.0150 

.0267 


Permaneiit 
•et. 


ineh. 


.000017 


.000033 


000067 


.000400 


.002888 


8aocessiTe 

pennanent 

aet. 


ineh. 


.000017 


.000016 


.000084 


.000833 


.002483 


Bemarks. 


Elastic  limit. 


Micrometer  re- 
moved. 


Ultimate  strength. 
Load  at  time  ofnip- 
tare. 


General  summary. 

Tensile  strength  per  square  inch  ot  original  section  . pounds..     110,800 

BLsstic  limit  per  square  inch  of  origins! section do....       68, 000 

Elongation  per  inon  after  mptore .  inch..    0.1287 

Elongation  per  inch  under  strain  at  elastic  limit do . . .      .  002190 

Bednc^n  in  diameter  at  point  of  rapture  do..       .084 

Sedaotion  in  area  after  rupture,  per  centum  of  original  section 27.6 

Position  of  rupture 1".10  from  middle  of  stem. 

Character  of  hroken  surface granular,  radiating  ftom  a  dull  spot  at  ciroamference. 

Elongation  of  inch  sections ".09.  ".12,  ".10  (".21  fractured  section),  M6.  ".08. 
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No.  374. 

Oampressian  test 
Marks  on  bar,  ^^^ 
Length,  11".97. 
Diameter,  l'M29. 
Sectional  area,  1  sqnare  inch. 


Applied  loftdB. 


Total. 


Pounda, 
500 

6,000 
10,000 
16^000 
20,000 

as,  000 

80,000 
8S,000 
40,000 
41«000 
43,000 
48,000 
44,000 
45,000 
40,000 
47,000 
48^000 
49,000 
60,000 
41.000 
52,000 
63.000 
64,000 
66,000 
60^000 
67,000 
68,000 
68,000 
60.000 

61,000 
02,000 
68,000 
64,000 
66,000 
60,000 
67,000 
68,000 


60,400 

70,800 
70,600 


PerMOAre 
inon. 


Powndt. 

600 

5,000 

10,000 

16.000 

'20.000 
25,000 
80.000 
86,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48^000 
49.000 
60.000 
61.000 
62,000 
58,000 
64.000 
65^000 
66,000 
67.000 
58.000 
50,000 
60,000 

61.000 
62.000 
68,000 
64.000 
66,000 
66,000 
67.000 
68.000 


60,400 

70.800 
70.600 


Compres- 

•Ion  per 

Inon. 


Inch. 
0. 

.000150 
.000290 
.000460 
.000610 
.000770 
.000030 
.001100 
.001200 
.001800 
.001830 
.001870 
.001400 
.001440 
.  001470 
.001600 
.001530 
. 001570 
.001600 
.001630 
.001670 
.001700* 
.001730 
.001770 
.001820 
.001860 
.001870 
.001930 
.001990 

.002070 
.002180 
.002300 
.002460 
.002720 
.002980 
.003600 
.004480 


Snooeuire 

oompres- 

aionper 

inon. 


Inch. 
0. 

.000160 
.000140 
.000160 
.000160 
.000160 
.000160 
.000170 
.000160 
.000040 
.000080 
.000040 
.000080 
.000040 
.000030 
.000030 
.000030 
.000040 
.000080 
.000030 
.000040 
.000030 
.000030 
.000040 
.000050 
.000030 
.000020 
.000060 
.000060 

.000080 
.000110 
.000120 
.000160 
.000200 
.000260 
.000620 
.000080 


Permanent 


Inch. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


.000010 


000020 


000030 


000090 


000670 


SnooeaalTo 

permanent 

aet 


0. 


Jnek. 


.000010 


.000010 


000010 


000060 


.000480 


i 


Bemarka. 


Initial  load. 


Peroeptible  deflec- 
tion. 


Micrometer  re- 
mored ;  nmid  de- 
flection ffoing  on. 

Middle  deflection  .08. 

Middle  deflecUon.lO. 

Middle  deflection  .14. 

Ultimate  atrength. 


Failed  by  triple  flexure. 


jtZ^  ZTtOJ^  c-^&T'fel'^ 


< —  ^rjK^,^€f 

1 

1              1 

I 

S  Ex  35  49 1 
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No.  267. 

Tetman  test. 
Markd  on  bar,  M.B, — 1. 
Length,  6''. 
Diameter,  ''.564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Poundt. 
250 
1«250 
2,500 
8,750 
5,000 
0,250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11.250 
11,600 
11.750 
12,000 
12,250 
12.500 
12,750 
18.000 
13,250 
18.500 
13.750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
18,750 
16,000 
16,250 
16,500 
16.760 
17,000 
17,260 
17,500 
17,750 
18,000 
18,260 
18,600 
18,760 
19,000 
19,260 
10,600 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
28,000 
28,600 
24,000 
24,500 
25.000 
25,500 
26,000 
26,600 
37,000 
37.600 
28^000 


Persqaax« 
inoii. 


I 


Pounds, 
1.000 
6.000 
10.000 
1^000 
20,000 
26,000 
30.000 
86.000 
40,000 
41«000 
42,000 
43,000 
44,000 
46.000 
46,000 
47,000 
48,000 
40,000 
60,000 
61,000 
52,000 
68,000 
§4,000 
66,000 
56,000 
67,000 
68.000 
69,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
67.000 
68^000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
75,000 
76.000 
77.000 
78,000 
79.000 
80.000 
82,000 
84,000 
86,000 
88.000 
90,000 
92.000 
94,000 
96.000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 


Elonntion 
permoh. 


Inch. 


0. 


.000050 
.000167 


.000483 

.000688 

.000817 

.000960 

.001100 

.001117 

.001150 

.001167 

.001188 

.001217 

.001267 

.001300 

.001850 

.001888 

.  001417 

.001483 

.001500 

.001633 

.001660 

.001583 

.001600 

.001633 

.001683 

.001700 

.001750 

.001800 

.001888 

.001860 

.001888 

.001938 

.001967 

.002000 

.002083 

.002100 

.002188 

.002260 

.002867 

.002488 

.002617 

.002867 

.003260 

.008600 

.004167 

.004867 

.006860 

»0088 

.0092 

.0117 

.0133 

.0150 

.0167 

.0188 

.0208 

.0283 

.0260 

.0383 

.0817 

.0850 

.0888 

.0433 

.04«7 


Saoo«s«lTe 

elongation 

periDoh. 


I 


Jneh. 


.000060 

.000117 

.000166 

.000150 

.000150 

.000184 

.000138 

.000160 

.000017 

.000083 

.000017 

.000016 

.000084 

.000050 

.000083 

.000050 

.000038 

.000084 

.000016 

.000067 

.000033 

.000017 

.000083 

.000017 

.000033 

.000060 

.000017 

.000060 

.000050 

.000088 

.000017 

.000088 

.000050 

.000034 

.000088 

.000083 

.000067 

.000063 

.000067 

.000117 

.000116 

.000184 

.000260 

.000888 

.000850 

.000667 

.000700 

.000983 

.002450 

.0009 

.0025 

.0016 

.0017 

.0017 

.0016 

.0026 

.0025 

.0017 

.0038 

.0084 

.0033 

.0088 

.0060 

.0084 


Permanent 
set. 


TneK. 
0. 

—.000017 
—.000017 
—.000083 
—.000033 
—.000050 
-^000050 
—.000050 
—.000060 


SnooessiTe 

I»ermanettt 

set. 


Inch. 


—.000067 


—.000067 


—.000067 


—.000017 

0. 
-^000016 

0. 
-.000017 

0. 

0. 

0. 


Bemarks. 


Initial  load. 


—.000017 


0. 


0. 


-.000067 


—.000067 


—.000017 


000467 


003000 


0. 


.000060 


Elastic  limit. 


.000484 


002688 


Micrometer  remoTed. 
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Applied  loads. 


TotaL 


Pounds. 
28.800 
29,000 
29,400 
26.100 


Elonndon  ®?*^«^^**  i  Permanent '  ®"<»«^^^; 
^"SS,    .  elongaUon  '-•™^«»*  j  permanent 


Pereouare    P«>'i*«h.  j  perTJch. 
'acn. 


incl 


Pounds. 
114,000 
116,000 
117,600    I 


Inch. 
.0550 
.0650 
.0600 


•I' 


Bemarkt. 


Ultimate  atrengtli.  ' 

Load  at  time  of  nvctnre. 


^  General  summary. 

Tensile  strength  per  sqnare  inch  of  original  section poonds..     117,600 

Slastic  limit  per  square  inch  of  originaTsection do...       68,000 

Elongation  per  inch  after  raptnre inch..    0.0^ 

Elongation  per  inch  nncler  strain  at  elastic  limit do...      .002038 

Bednotion  in  diameter  at  point  of  mptnre...      do  ..      .104 

Bednction  in  area  after  mptore,  ]>er  oentam  of  original  section 83.6 

Position  of  mptore — ".6  ftom  ii«ck. 

Character  of  brolcen  surface granular,  radiating  from  doll  spot  at  center. 

Elongation  of  inch  sections (".23  fractared  section)  ''.08,  ".06,  ".06.  ".05,  ".05 

No.  268. 

Tension  test 
Marks  on  bar  M.Bx — 2. 
Length,  &\ 
Diameter,  ^^564. 
Sectional  area,  .25  sqaare  inch. 


AppUed  loads. 


Total. 


Pounds. 

250 

1,250 

2,500 

3,750 

5,000 

6,250 

7,500 

8,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,600 

11,750 

12,000 

12,250 

12,500 

12.750 

18,000 

13,250 

18,500 

13,750 

14,000 

14,250 

14.500 

14.750 

15,000 

15,250 

15,500 

15.750 

16,000 

16,250 

16,500 

16,750 


Personare 
inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20.000 
25,000 
80,000 
35^000 
40,000 
41,000 
42.000 
48,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
61.000 
52,000 
63,000 
64,000 
55.000 
66.000 
57.000 
58,000 
69,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66.000 
67,000 


Elongation  Sj>«cesslve '  p^mianent 
^rd      elongation    ''e™"*"'^ 


per  inch. 


Inch. 
0. 

.000050 
.000200 
.000367 
.000533 
.000683 
.000867 
.001033 
.001188 
.001200 
.001233 
.001267 
.001300 
.001333 
.601383 
.001400 
.  001417 
.001450 
.  001517 
.001550 
.001567 
.001600 
.001638 
.001683 
.  001717 
.001733 
.001783 
.001833 
.001883 
.001883 
.  001917 
.001067 
.002033 
.002067 
.002183 
.002217 


per  inch. 


Inch, 


set. 


SacoessiTe 

X»ermanent 

set. 


Bemarks. 


.000050 
.000150 
.000167 
.000166 
.000150 
.000184 
.000166 
.000150 
.000117 
.000033 
.000034 
.000083 
.000033 
.000050 
.000017 
.000017 
.000033 
.000067 
.000083 
.000017 
.000083 
.000083 
.000050 
.000034 
.000016 
.000050 
.000050 
.000060 
0. 
.000034 
.000050 
.000066 
.060084 
.000066 
.000084 


Jffi«A. 

0. 

-.000017 
—.000017 
—.000083 
—.000038 
-.000033 
-^000033 
—.000017 
—.000017 


—.000017 


-.000033 


—.000088 


—.000033 


.000017 


Indi. 


—.000017 

0. 
—.000016 

0. 

0. 

a 

.000016 
0. 


0. 


—.000016 


0. 


0. 


.000060 


Initial  load. 


Elastic  limit 
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Applied  loada. 

1  Slongation 

Persouare    V^^^^^^ 
InciL. 


Poundi. 
17,000 
17,250 
17.500 
17,750 
18,000 
18.250 
18,500 
18,750 
19,000 
19,250 
19,500 
19,750 
2U,000 
20,500 
21,000 
21.500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 
26.500 
27,000 
27,500 
28,000 
24,500 


Poundi. 

68,000 

69,000 

70,000 

71,000 

72,000 

73,000 

74,000 

75,000 

76.000 

77,000 

78,000 

79,000 

80,000 

82,000 

84.000 

86,000 

88.000 

90.000 

92,000 

94,000 

96,000 

98,000 

100,000 

102,000 

104.000 

106,000 

108,000 

110.000 

112,000 


Indi. 

.002383 

.002550 

.002950 

.003433 

.004633 

.005233 

.006317 

.007867 

.008050 

.008817 

.009933 

.011088 

.011900 

.0133 

.0158 

.0175 

.0200 

.0238 

.0250 

.0283 

.0300 

.0333 

.0375 

.1417 

.0467 

.0517 

.0600 

.0750 

.1050 


SaooessiTe 

elon^eation 

per  inch. 


•®'*       '        tet. 


Ineh, 

.000166 

.000167 

.000400 

.000483 

.001200 

.000600 

.001084 

.001050 

.U00688 

.000767 

.001116 

.001100 

.000867 

.0014 

.0025 

.0017 

.0025 

.0033 

.0017 

.0038 

.0017 

.0038 

.0042 

.0042 

.0050 

.0050 

.0088 

.0150 

.0300 


Bentarka. 


Inch. 


Ineh, 


.000617 


.000600 


.004660 


.004083 


.008838 


.004183 


Micrometer  remoyed. 


nittnutte  strength. 
Load    at  time    of 
IhMstare. 


General  summary. 

Specific  gravity 7.8848 

Hardness 88.67 

Tensile  strength  per  square  inch  of  original  section poands . .       112, 000 

Slastic  limit  per  sqnare  inch  of  original  section do...         65,000 

Blongation  per  inch  after  ntptare inch. .      0. 158 

Elongation  per  inch  under  strain  at  elastic  limit do...       .002067 

Bednotion  in  diameter  at  point  of  rnptare do...        .124 

Bedaction  in  area  after  rupture,  per  centum  of  original  section 89.2 

Position  of  rapture 1^'  ftcom  neck. 

Character  of  broken  surface granular, 60  per  cent.;  radiating  Arom  a  dull  center, 40  per  cent 

Elongation  of  inch  sections 'M4  (".32  fractured  section)/M4/M2,  ".12,  ".08. 

No.  27a. 

Tension  test. 
MarkB  on  bar,  M.  B. — 3. 
Length,  3^'. 
Diameter,  '^560. 
Sectional  area,  .24G  square  inch. 


Applied  loada. 

Elongation 
per  inch. 

SuccesaiTe 

elongation 

per  inch. 

Permanent 
set. 

Successive 

Bemarks. 
Initialload. 

Total. 

Per  square 
inch. 

]>ermanent 
set. 

1 
Poundi. 
246 

Poundi. 
1,000 
5,000 
10,000 
15.000 
20.000 
25,000 
80,000 

Ineh. 
0. 

.000238 
.000400 
.000567 
.000667 
.000600 
.001067 

Ineh. 

"".'000233" 
.000167 
.000167 
.000100 
.000133 
.000267 

Ineh. 
0. 
.000083 

.000067 
.000067 
.000067 
.000067 
.000067 

Ineh, 

1,230 
2,460 
3,690 
4,920 
6,150 
7.380 

.000033 
.000034 

0. 

0. 

0. 

0. 
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Applied  loads. 


TotaL 


PotMMlf. 

8,eio 

9,840 
10,086 
10,832 
10, 578 
10,824 
11,070 
11, 818 
11,662 
11,808 
12,054 
12,800 
12,546 
12,792 
18, 082 
18,284 
13,530 
18, 776 
14,022 
14,268 
14, 514 
14,760 
15,006 
15,252 
15,498 
15,744 
15,090 
10,236 
16^482 
16,728 
16,974 
17,220 
17,466 
17,712 
17,958 
18,204 
18,450 
18,.696 
18,942 
19,188 
19,484 
19,680 
20,172 
20,664 
21,156 
21,648 
22,140 
22,632 
28,124 
28,616 
24,108 
24,600 
25.092 
25,584 
26,076 
26,568 
27,060 
27,552 
28,044 
28,686 
28,660 
25,200 


Per  eaaare 
inoiu 


Pound*. 
35,000 
40,000 
41«000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
'  49,000 
50,000 
51,000 
52,000 
53.000 
54,000 
55,000 
56,000 
57.000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68.000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84.000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104.000 
106,000 
108,000 
110,000 
112,000 
114,000 
116,000 
116.460 


Elonfffttioii 
per  moh. 


SncceulTe  i  -o^-^-^^^* 
elongation  ^^^^^^ 

per  Inch.  I   ^^ 


Ineh, 

.001167 

.001333 

.001400 

.001400 

.001400 

.001467 

.001567 

.001567 

.001667 

.001738 

.001788 

.001767  I 

.001767  I 

.001767 

.001800 

.001800 

.001883 

.001833 

.001967 

.002033 

.002067 

.002100 

.002100 

.002133 

.002167 

.002167 

.002200 

.002233 

.002333 

.002867 

.002400 

.002438 

.002467 

.002667 

.002738 

.003338 

.003738 

.004833 

.005233 

.006233 

.007183 

.008067 

.0100 

.0133 

.0167 

.0188 

.0200 

.0217 

.0238 

.0267 

.0288 

.0800 

.0333 

.0388 

.0400 

.0467 

.0500 

.0667 
.0900 
.1033 


Inch. 
.000100 
.000166 
.000067 

0. 

0. 

.000067 
.000100 

0. 

.000100 
.000066 

0. 
.000084 

0. 

0. 
.000038 

0. 
.000088 

0. 

.000184 
.000066 
.000034 
.000033 

0. 

.000038 
.000084 

0. 

.000008 
.000088 
.000100 
.000084 
.000083 
.000088 
.000084 
.000200 
.000066 
.000600 
.000400 
.000600 
.000900 
.001000 
.000900 
.000934 
.001933 


.0034 
.0016 
.0017 
.0017 
.0016 
.0084 
.0016 
.0017 
.0088 
.0060 
.0017 
.0067 
.0083 
.0067 
.0100 
.0233 
.1083 


Ineh, 

.000067 

.000067 


.000067 


.000067 


.000067 


.000067 


.000067 


.001400 


SaeoeMlve 

permanent 

set 


0. 
0. 


/fidL 


U 


0. 


0. 


.001888 


.008888 


Slaflticlimit. 


Micrometer  lemored. 


TJltSmate  atrength. 
Load  at  time  offtactnre. 


General  summary. 

Tensile  strength  per  eqoare  inch  of  orisiual  section poonds..    116,460 

Elastic  limit  per  sanare  inch  of  originaTseotion do...      71,000 

Elongation  per  inca  after  rapture inch..         0. 16 

Elongation  per  inch  under  stn^  at  elastic  limit do...    .003467 

Beduction  in  diameter  at  point  of  mptare do...       0.110 

Redaction  in  area  after  ruptore,  per  centum  of  original  section 85. 4 

Position  of  rapture I^'fhunneek 

Character  of  brolcen  surfhoe granular,  80  per  cent. ;  radiating  fh>m  a  dull  center,  20  per  cent. 

Elongation  of  inch  sections (".26  fractured  section)  ".12,  'MO 
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No.  274. 


Tension  test. 
Marks  on  bar,  M.  B, — 4« 
Length,  iV. 
Diameter,  '^559. 
Sectional  area,  .245  square  inch. 


Applied  loads. 

Blonntion 
permoh. 

SoooeuiTe 

elonntion 

perlnch. 

PemuuiMkt 
set. 

SuooessiTe 

pemument 

set. 

Totol. 

w    -        ... 

PerMiuffe 
inon. 

Pounds. 
246 
1,225 
2.460 
8,076 
4,000 
6,126 
7,860 
8,575 
9,800 
11,086 
12.260 
12,496 
12,740 
12,986 
18,280 
13.476 
18.720 
18,966 
14,210 
14,466 
14.700 
14,945 
1M90 
15.485 
16.680 
16.926 
16,170 
16.416 
16.660 
16,006 
17,150 
17,896 
17.640 
17.886 
18,130 
18,875 
18,620 
18,866 
19. 110 
19,865 
19,600 
20,090 
20.680 
21,070 
21,560 
22,050 
22.640 
23,030 
28.620 
24,010 
24,600 
24,990 
26,480 
25.970 
26,460 

Founds, 
1,000 
6^000 
10,000 
15.000 
20,000 
26,000 
80,000 
86,000 
40.000 
45,000 
50,000 
51,000 
62,000 
58.000 
64.000 
65.000 
56,000 
67,000 
68.000 
50.000 
60,000 
61.000 
68.000 
62,000 
64.000 
66^000 
66,000 
07,000 
68,000 
69.000 
70.000 
71,000 
72,000 
78,000 
74,000 
75,000 
76,000 
77.000 
78,000 
79,000 
80.000 
82.000 
84.000 
86.000 
88,000 
90,000 
.•2,000 
94,000 
96.000 
98.000 
100,000 
102,000 
104^000 
106.000 
108,000 

Insh. 

0. 

0. 

.000207 
.000333 
.000400 
.000600 
.000667 
.000938 
.001000 
.001267 
.001383 
.001383 
.001367 
.001867 
.001400 
.001400 
.001588 
.001600 
.001667 
.001607 
.001667 
.001738 
.901838 
.001088 
.002000 
.002333 
.002600 
.002888 
.003207 
.004267 
.005000 
.005600 
.006383 
.007267 
.008287 
.009000 
.000638 
.010388 
.011600 
.012207 
.018007 
.0167 
.0183 
.0200 
.0217 
.0288 
.0267 
.0288 
.0300 
.0883 
.0867 
.0417 
.0500 
.0560 
.0617 

Inch, 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
a 
0. 
0. 
0. 

^LWwHf&90 

Initial  loikL 

ElAstio  limit 
Ifiicrometer  xemoTed. 

"VO6O207" 
.000066 

.000067 
.000100 
.000167 
.000266 
.000067 
.000267 
.000066 

0. 
.000084 

0. 
.000088 

0. 

.000188 
.000007 
.000007 

0. 

0. 

.000066 
.000100 
.000100 
.000067 
.000888 
.000207 
.000288 
.000484 
.001000 
.000788 

.000788 

.000984 

.001000 

.000788 

.000888 

.000600 

.001107 

.000707 

.001400 

.003088 

.0016 

.0017 

.0017 

.0016 

.0084 

.0016 

.0017 

.0038 

.0084 

.0050 

.0088 

.0060 

.0067 

••«»••••••••• 

0. 

0. 

.000888 

.000888 

.002607 

.002334 

.006888 

.  OMMII 

.010667 

.004884 

• 
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Applied  IomU. 

1                                                      1 

Slonntioii  SSSSi?  Penn*n«iit     MivTvw- 

1 

■"^  ^"toT" 

Remrks. 

Pou9tds.      PoumOs. 
2&060          110.000 

Inch.            Inch.            Inch.            Inch.  . 
.0707             .0150        1 

ritimate  atraicth. 
Loftd  St  time  oifraeCnxe. 

27. 440          112. 000 

.0900       1      .0133         

27,000    •      112,050 
2SlO0O    , 

.1100        1      .0200         

MWf  wvw          1  '.•.•»•  a»  •  a  •          j 

1                                                      t 

General  $ummarjf. 

foeciile  gnrlty 7. 

Hardneas - a&99 

Tensile  Btrength  per  aqaare  inch  of  oriKiiud  Motion poonds..     112,60 

Slaetic  limit  per  sQUAre  inch  of  original  section do...      64«00e 

Slongetion  per  inon  after  mptnre ineh..  0.14 

Elongntion  per  inch  under  strain  at  eUeticlimit do...     .009000 

Reduction  in  diameter  at  point  of  mptnre do...  ,09 

Reduction  in  area  after  rupture,  per  centum  of  original  section 39.3 

Position  of  rupture i'' from  middle  of  stem 

Character  of  broken  surfhoe granular ;  small  dull  spot  near  the  center  of  the  fractured  sarfkee 

Elongation  of  inch  sections ".13  (".25  fractured  seetaon)  'M« 


No.  312. 

Tension  test. 

Marks  on  bar,  "^f * 

Length,  6'^ 

Diameter,  '^564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


Pound*. 

250 

1.250 

2,500 

3,750 

5,000 

0.250 

7.500 

8,750 

10,000 

10,250 

10,500 

10.750 

11,000 

11,250 

11,250 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

18,500 

13,750 

14,000 

14.250 

14,500 

14,750 

15,000 

15,250 

15,500 

15,750 

18,000 


Per  square 
incn. 


Poundt. 
1.000 
5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
86,000 
40,000 
41.000 
42,000 
48,000 
44,000 
45,000 
40,000 
47.000 
48.000 
49,000 
'50,000 
51,000 
52,000 
58,000 
54,000 
66,000 
50,000 
57,000 
58,000 
50,000 
00,000 
61.000 
02.000 
63,000 
64,000 


Ekmgation 
per  ineh. 


Inch. 
0. 

.000117 
.000233 
.000400 
.000660 
.000667 
.000833 
.001000 
.001188 
.001200 
.001233 
.001367 
.001300 
.001333 
.001383 
.001400 
.001460 
.001500 
.001533 
.001567 
.  001617 
.001667 
.001700 
.001733 
.001800 
.001867 
.001967 
.002033 
.002233 
.002400 
.002617 
.002000 
.008333 


SuocessiTe  i>^.«.««^«*  i  Successive 
elongation   *^®™*?**"*  permanent 


per  Inch. 


set. 


set. 


Ineh. 
0. 

.000117 
.OOOUfl 
.000167 
.000150 
.000117 
.000166 
.000167 
.000183 
.000017 
.000033 
.000034 
.000033 
.000033 
.000050 
.000017 
.000050 
.000050 
.000033 
.000034 
.000050 
.000060 
.000033 
.000083 
.000067 
.000067 
.000100 
.000066 
.000200 
.000167 
.000217 
.000283 
.000433 


Ineh. 


0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 


Ineh. 


0. 


Bemarka. 


Initial  load. 


.000017 

.000017 

.000038 

.000016 

, 

\'//"[\\['" 

.000050 

.000017 

1 

.000100 

.000050 


1 

"'.*000850         '.000250 

1 

Elastic  limit. 
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Applied  loads. 

Elonf^ation 
per  ineh. 

Saocesaiye 

elongation 

perlnoh. 

• 

Permanent 
eet 

SneoesaiTe 

Bemarks. 

Total. 

Per  BQuare 
iBcn. 

peimanent 
set. 

Pounda. 
10,260 
10,500 
16,750 
17,000 
17,250 
17,600 
18,000 
18,600 
19,000 
19,500 
20,000 
20,500 
21.000 
21.500 
22,000 
22,500 
23.000 
23,500 
24.000 
24,500 
25,000 
25,500 
26,000 
20,500 
27.000 
27,110 
25,200 

Poundi. 
05,000 
00,000 
07,000 
08,000 
09.000 
70,000 
72,000 
74,000 
70,000 
78,000 
80,000 
82,000 
84,000 
80, 000 
88,000 
90,000 
92.000 
94,000 
90,000 

Ineh. 

.003833 

.004017 

.005233 

.005050 

.000000 

.007583 

.008950 

.010867 

.012683 

.014333 

. 016517 

.018400 

.030100 

Inch. 

.000500 
.000784 
.000616 
.000717 
.000630 
.000983 
.001367 
.001917 
. 001816 
.001650 
.002184 
.001883 
.001700 

Jneh. 
.001660 

Inch. 
.001800 

.005217 

.008567 

••■■•••••••• 

.  022250     1       -  002150 

•••■•••••••• 

.024260 
.026450 
.029517 
.082883 
.  03.^1 17 

.002000 

.002200 
.003067 

.003316 

.002284 

.004333 

.004467 

.002783 

.0088 

.0083 

.0184 

.0150 

•••••••••••• 

Miorometer    re- 
moved. 

Ultimate  strength. 
Load  at  time  ormp* 
tare. 

98. 000    '       . 030450 

......>.._-. 

.••**«**.... 

100.000 
102,000 
104,000 
100.000 

.043017 
.0467 
.0560 
.Offiia 

108.000    >      .0817 
108,440    :      .0907 

1 

• 

■ 
1 

General  eummary. 

Tensile  strength  per  square  inch  of  original  section pounds..      108,440 

Elasticlimit  per  soaare  ioch  of  original  section do 67,000 

elongation  per  incn  after  rapture inch..    0.105 

Blongation  per  inch  under  strain  atelastic  limit do...      .001887 

Bedaction  in  diameter  at  point  of  rupture do...      .104 

Beduotion  in  area  after  rupture,  per  centum  of  original  section 83.8 

Position  of  rapture ''.70  fh>m  neck. 

Character  of  broken  surface granular,  dull  center. 

Elongation  of  inch  sections ".07,  ".06,  ".07,  ".08,  ".00  (".24  firactared  section) . 

No.  313. 


Tension  test. 
Marks  on  bar,  ^'^^. 
Length,  6'^ 
Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

1 

Vl^vn  <vn.l<%n 

1 
Successive  «.      * 

Successive 

permanent 

set 

Itomarks. 

Total. 

Per  square 
inch. 

^°?sr  ^-c»-i"'sr"' 

Pounda. 

250 

1,250 

2,500 

8,750 

6,000 

6,250 

7.500 

8,750 

10.000 

10,250 

10,600 

Pounda. 
1.000 
5,000 

Inch. 
0. 
.000117 
.000283 

Inch.            Ineh. 
0.                   0. 

.000117   ;   0. 

.  oooim       0. 

Ineh. 
0. 

Initial  load. 

10. 000 

i5.ooa 

20.000 
25,000 
30,000 
35.000 
40,000 
41,000 
I       42,000 

.  000450           .  000167         0. 

.  000617 
.000750 
.000900 
.001067 
.001233 
.001250 

.  000167           .  000017 
.000133           .000017 
.000150           .000017 
.000167     >      .000017 
.000166    ,      .000017 
.000017     1 

.000017 
0. 
0. 
0. 
0. 

.001283 

.000033      

S.  £x.  35- 


-22 
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Applied  loads. 


TotftL 


Pounds. 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,750 
13,000 
18,250 
13,500 
13,750 
14,000 
14,250 
14,500 
14,760 
15,000 
15,250 
15,500 
15,750 
16.000 
16,250 
16,500 
16,750 
17,000 
17,260 
17,500 
17,750 
18,000 
18,260 
18,500 
18,750 
19,000 
19,500 
20,000 
20,500 
21,000 
21,600 
22,000 
22.500 
23,000 
23,500 
24.000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,500 
26,200 


Per  squaTe 
incn. 


Pounds. 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50, 000 
51.000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61.000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90,^)00 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 
112,000 
114,000 


Elon^tioii 
per  inch. 


Ineh» 

. 001317 

.001350 

.001388 

.  001417 

.001450 

.001483 

.  001517 

.001550 

.001583 

.  001617 

.001650 

.001700 

.  001733 

.001783 

.  001817 

.001850 

.001888 

.  001917 

.001950 

.002000 

.002033 

.002067 

.002100 

.002200 

.002250 

.002367 

.002433 

.002700 

.002933 

.003400 

.004067 

.004817 

.005550 

.006033 

.008550 

.010383 

.012500 

.014083 

.015850 

.018083 

.020650 

.022383 

.024333 

.027400 

.030333 

.033000 

.0367 

.0400 

.0450 

.0500 

.0617 

.0717 

.1050 


SncoeseiTe 

elongation 

per  Inch. 


Inch. 

.000034 

.000033 

.000033 

.000034 

.000033 

.000033 

.000034 

.000033 

.000033 

.000034 

.000033 

.000050 

.000033 

.OOOOM 

.000034 

.  000033 

.000033 

.000034 

.000033 

.000050 

.000033 

.000034 

.000033 

.000100 

.000050 

.000117 

.000066 

.000267 

.000283 

.000467 

.000667 

.000750 

.000733 

.001383 

.  001617 

.001833 

. 002117 

.001583 

.001767 

.002233 

.  002567 

.001683 

.002000 

.003067 

.002933 

.002667 

.0037 

.0038 

.0050 

.0050 

.0117 

.0100 

.0333 


Pennanent 
set. 


Jneh, 


.000033 


.000050 


.000050 


.000067 


SncoeealTe 

permanent 

set 


Bemarka. 


Inch. 


.000016 


.000017 


0. 


.000017 


.000083 


.000016 


.000450 


Elaatio  limit 


.000367 


Micrometer  removed. 


Ultimate  Btrencth. 
Load  at  time  of  rap- 
tore. 


General  summary, 

Tenalle  atrenicth  per  sqnare  inch  of  original  section pounds..      114,000 

Slastio  limit  per  square  inch  of  orif^inu  section do....        67,000 

Elongation  per  inch  after  rapture inch..    0.1^ 

Elongation  per  inch  under  str^n  at  elastic  limit do 002250 

Beduotionin  diameter  at  point  of  rupture do 094 

Bedactlon  in  area  after  rupture,  per  centum  of  original  section 80.8 

Position  of  rupture I"  ftom  neck. 

Character  of  broken  surface granular;  dull  spot  near  center. 

Elongation  of  inch  sections ".08,  ".00,  ".09,  ".12, ".  14  <".25  fractured  section) . 
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No.  375. 

Compression  test, 
Marks  on  bar,  ■'>"'. 
Length,  ir^97. 
Diameter,  V\129. 
Sectional  area,  1  square  inch. 


Applied  loads. 


Tolal. 


Founds. 
600 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
4«,000 
47,000 
4^,000 
40.000 
50,000 
51,000 
52,000 
63,000 
54,000 
65.000 
68.000 
57,000 
68,000 
50,000 
00,000 
61,000 
02,000 
68,000 
64,000 
66,000 
68,400 

60,400 


Pertqiutre 
inoQ. 


Pounds. 
500 
5»000 
10,000 
15,000 
20,000 
25,000 
80.000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
40.000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
56,000 
57,000 
68,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
68,400 

00,400 


Oompr«e- 

Bion  per 

inch. 


Inch. 
0. 
.000140 
.000280 
.000440 
.000600 
.000750 
.000030 
.001100 
.001250 
.001290 
. 001310 
.001370 
.001400 
.001430 
.  001470 
.001490 
.  001510 
.  001570 
.001500 
.001630 
.001070 
.  001710 
.  001740 
.001770 
.001830 
.001870 
.001930 
.001990 
.002130 
.002280 
.002480 
.002780 
.003080 
.003770 


Sacceeaive , 

compres-  '  Permanent  permanent 
Bion  per    ,       uet  i«»«i"-"w«v 

inch.   < 


SaoceasiTe 


set 


Remarks. 


Inch. 
0. 

.000140 
. 000140 
.000160 
.000160 
.000150 
.000180 
. 900170 
.000150 
.000040 
.000020 
.000060 
.000030 
.000030 
.000041 
.000020 
.000020 
.000065 
.000020 
.000040 
.000040 
.000040 
.000030 
.000030 
.000060 
.000040 
.000060 
.000060 
.000140 
.000150 
.000200 
.000300 
.000300 
.000690 


Inch.  Inch. 

0.        0. 
0. 
0. 

.000010    .000010  j 

.000010 

.  000010  I  0. 

.  OOOOIO    0 

.  000020    .  000010 

.000020         0. 


Initial  load. 


.000030 


.000040 


.000050 


.000180 


.  001680 


.000030 


.000010 


.000010    I  Perceptible  deflec- 
tion. 


000130 


001400 


•{ 


Kapid  deflection  go- 
ing on. 


Micrometer  removed. 
Middle      defleotlon 

".10. 
Middle  defleotion'M7. 
Ultimate  strengtii. 


Failed  by  triple  flexure. 
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No.  104. 

Tension  test 

Marks  on  bar,  M  B^x  i — 1. 

Length,  6''. 

Diameter,  ".564. 

Sectional  area,  .25  sqaare  inch. 


Applied  loads. 


Total. 


Poundi. 
250 
1,2.*»0 
2,500 
3,750 
5,000 
6,250 
7,500 
8.760 
10,000 
11,250 
12,500 
12.750 
13.000 
13,250 
13.500 
18.750 
14,000 
14,250 
14.500 
14,750 
15,000 
15.250 
15.500 
15,750 
16.000 
16.260 
16,500 
16.750 
17.000 
17,250 
17,500 
18,000 
18,500 
19,000 
10,600 
20,000 
20,500 
21.000 
21,500 
22.000 
22,500 
23.000 
23.500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
27,000 
27,500 
28,000 
28,250 
25,400 


Per  saaare 
incn. 


Poundt. 
1.000 
5,000 
10,000 
15.000 
20.000 
25,000 
80,000 
85.000 
40.000 
45,000 
50,000 
51,000 
52.000 
53,000 
54,000 
65,000 
66,000 
57.000 
58,000 
60,000 
60.000 
61,000 
62,000 
63,000 
64,000 
66,000 
66.000 
67,000 
68,000 
60.000 
70,000 
72.000 
74,000 
76,000 
78,000 
80.000 
82,000 
84,000 
86.000 
88.000 
90,000 
02,000 
94,000 
96,000 
98.000 
100.000 
102,000 
104,000 
106.  OuO 
108, 000 
110.000 
112,000 
113.000 


Elongation 
per  inch. 


Inch. 
0. 

.000117 
.000237 
.000367 
.000517 
.000683 
.000833 
.000983 
.•001167 
.001300 
.001467 
.001500 
.001533 
.001550 
.001567 
.  001617 
.001667 
.001683 
.001700 
.001733 
.001767 
.001838 
.001867 
.001983 
.002183 
.002467 
.002850 
.003300 
.004017 
.004567 
.  005517 
.006850 
.008650 
.010200 
.011667 
.013417 
.0150 
.0167 
.0183 
.0217 
.0233 
.0250 
.0267 
.0317 
.0833 
.0367 
.0400 
.0467 
.0500 
.0583 
.0700 
.0867 
.0933 


Saccessivo '' 

elongation  , 

per  Inch,  i 


Permanent 

set. 


Inch. 


Inch. 


.000117 

.  000120 

.0001:10 

.000150 

.000166 

.000150 

.000150 

.000184 

.  (^133 

.000167 

.000033 

.000033 

.000017 

.000017 

.000050 

.000050 

.000016 

.000017 

.000033 

.000034 

•  000066 

.000034 

.000116 

.000200 

.000324 

.000883 

.000450 

.000717 

.000560 

.000950 

.001833 

.001800 

.001550 

. 001467 

.001750 

.001583 

.0017 

.0016 

.0034 

.0016 

.0017 

.0017 

.0050 

.0016 

.0034 

.0033 

.0067 

.0033 

.0083 

.0117 

.0167 

.0066 


0. 

.000017 
.000033 
.000033 
.000050 
.000033 
.000033 
.000033 
.000038 


Snocea- 
sive  per- 
manent 
set. 


Inoh. 


Remarka. 


Initial  load. 


.000017 
.000016 

0. 

.000017 
.000017 

0. 

0. 

0. 


.000033  0. 


.000038  0. 


.000017 


.000400 


.008067 


.000016 


.000417 


Elaatic  limit 


.002667 


.010250      .007188     Micrometer  removed. 


Ultimate  strength. 
Load  at  time  of  frac- 
ture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section    poanda 

Elastic  limit  per  square  inoh  of  original  section *.  do 

Elongation  per  inch  after  rupture .".'.*.' Inch* 

Elongation  per  inch  under  strain  at  elastic  limit !iy..*.*.!![*!!IJ!!do 

Eeduction  in  diameter  at  point  of  rupture !!!!!!!!. !"l!*do*' 

Keduction  in  area  after  rupture,  per  centum  of  original  section  ."..''..*.*.'..'." 33.*fl 

Position  of  rupture ""8  from  neck. 

Character  of  broken  surface OranularjiaditiLgWmimokysiwt  at  center. 


118,000 
62,000 
a  135 
.001867 
.104 


-^OTTty  ^^^fo  i 


SEx3549l 
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No.  105. 
Tension  test. 

Marks  on  bar,  M.  Bex.i — 2. 

Length,  6''. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 
250 
1,250 
2.500 
3,750 
5,000 
6.250 
7,600 
8.750 
10,000 
11,250 
12,500 
12,750 
13,000 
13,250 
13,500 
13,750 
14,000 
14.250' 
14.500 
14,750 
15,000 
15,250 
15,500 
15.750 
16.000 
16,250 
16,500 
16.750 
17.000 
17.250 
17,500 
18.000 
1H,500 
19,000 
10,500 
20,000 
20,500 
21.000 
21.500 
22.000 
22,500 
23,000 
23.500 
^,000 
24.500 
25,000 
25,500 
28.000 
26^600 
26^680 
24.000 


Per  MTiAr® 
incD. 


Poundt. 
1,000 
5,000 
10.000 
15.000 
20,000 
25,000 
80.000 
35.000 
40.000 
45,000 
50.000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57.000 
58.000 
69,000 
60,000 
61.000 
62,000 
68,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
72.000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
91000 
96,000 
96  000 
100,000 
102,000 
104,000 
100,000 
106,720 


EloneaUon  8°cceMJ^« 


on 


periach.     — "^-j;; 


Permanent 
•et. 


Inch. 
0. 

.000100 
.000233 
.000383 
.000517 
.000650 
.000817 
.000983 
.  001133 
.001267 
.001433 
.001500 
.001533 
.001567 
.001600 
.001667 
.002433 
.002933 
.003517 
.003917 
.004483 
.005150 
.  C05783 
.006317 
.007183 
.007833 
.008500 
.069267 
.009967 
.010483 
.011533 
.012950 
.014983 
.016883 
. 018717 
.020638 
.0233 
.0267 
.0300 
.0317 
.0342 
.0883 
.0400 
.0440 
.0517 
.0567 
.0667 
.0800 
.1017 
.1150 


Inch. 


Inch. 


Soccessiye 

pennanent 

set. 


Inch. 


Remarks. 


.000100 

.000133 

.000150 

.000134 

.000133 

.000167 

.000166 

.000150 

.000134 

.000166 

.000067 

.000033 

.000034 

.000033 

.000067 

.000766 

.000500 

.000584 

.000400 

.000566 

.000667 

.000633 

.000534 

.000866 

.000650 

.000667 

.000767 

.000700 

.000516 

.001050 

.  001417 

.002033 

.001900 

.001834 

.  001916 

.002677 

.0034 

.0033 

.0017 

.0025 

.0041 

.0017 

.0050 

.0067 

.0050 

.0100 

.0133 

.0217 

.0133 


0. 
0. 
0. 


,  —.000017  —.000017 

— .  000033  '  — .  000016 

— .  000033  0. 

— .  000050  — .  000017 

,  —s  000060  I  0. 

—.000050  '    0. 

—.000050  0. 

I  — .  000033  . 000017 


.000033 

"*.' 000066  * 

.002400 

.002367 

.005433 

.008083 

• 

.008867 

.003434 

.  017283    .  008866 

• 

...••^..•••«  •••••••«•••• 

Initial  load. 


Elastic  limit. 


Micrometer  removed. 


Ultimate  strength. 
Load    at  time  of 
ftactare. 


General  enmmarHf, 

Tensile  strength  per  square  inch  of  original  section ponnds..      106,720 

Slastio  limit  per  sooare  inch  of  original  section  do 54, 000 

Elongation  per  incn  after mptare inch..    0. 14 

Elongation  nerinch  ander  strain  at  elastic  limit do...      .001600 

Eedaction  in  diameter  at  point  of  rupture do...      .114 

Eedoction  in  area  after  rupture, per  centum  of  original  section 36.4 

Position  of  rapture ".6  from  middle  of  specimen. 

character  of  broken  surface Granular,  radiating  from  smoky  spot  at  center. 
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No.  106. 

Tension  test 
Marks  od  bar,  M.  Bezi — 3. 
Length,  6''. 
Diameter,  ".564. 
Sectioual  area,  .25  square  inch. 


Applied  loads. 


Total. 


PoundM. 
250 
1.250 
2,500 
3,750 
5.000 
6.250 
7,500 
8.750 
10.000 
11.250 
12.500 
12,750 
13,000 
13,250 
13.500 
13,750 
14,000 
14,250 
14.500 
14,750 
15.000 
15,250 
15,500 
15.  750 
16.000 
16.250 
16,500 
16,750 
17,000 
17,  250 
17,500 
17. 750 
18,000 
18,250 
18,500 
18,750 
19,000 
19,250 
19,500 
19.750 
20,000 
20.250 
20,500 
20,750 
21,000 
21,250 
21.500 
21,750 
22,000 
22.250 
22,500 
23.000 
23,500 
24,000 
24,500 
25,000 
25, 500 
26,000 
26,500 
27,000 
27,500 


Per  square 
iocD. 


Poundt. 

1,000 

5,000 

10,000 

15.000 

ao.ooo 

25,000 
30,000 
35,000 
40,000 
45.000 
50,000 
51.000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62.000 
63.000 
64,000 

e-^ooo 

66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73.000 
74,000 
75, 000 
76.000 
77,000 
78.000 
79,000 
80.000 
81,000 
82,000 
83,000 
84,000 
85,000 
86.000 
87,000 
88,000 
89,000 
00,000 
92,000 
94,000 
96,000 
98.000 
100,000 
102,000 
104,000 
106,000 
108,000 
110,000 


vi».i..*.»4^«   Successive 

Elongation   ^i^ngation 

per  inch.   perT^ch. 


Inch. 

0. 

.000133 
.000283 
.000417 
.000550 
.000700 
.000850 
.001000 
.001167 
.001333 
.001500 
.001550 
.001567 
.001600 
.001650 
.001683 
.001700 
.001733 
.001783 
.001817 
.001833 
.001867 
.001917 
.001967 
.002000 
.002083 
.002200 
.002350 
.002567 
.002933 
.003650 
.003983 
.  004817 
.005333 
.006483 
.007167 
.  007817 
.  00R533 
.009450 
.010200 
.  0U517 
.  011933 
.012350 
.  013233 
.  014500 
.015583 
.  016333 
.  016083 
.018017 
.019117 
.  020600 
.  0233 
.0267 
,0300 
.0333 
.0350 
.0383 
.0417 
.0467 
.0533 
.0600 


Inch. 


.000133 

.000150 

.000134 

.000133 

.000150 

.000150 

.000150 

.000167 

.000166 

.000167 

.000050 

.000017 

.000033 

.000050 

.000033 

.000017 

.000033 

.000050 

.000034 

.000016 

.000034 

.000050 

.000050 

.000033 

.000083 

.000117 

.000150 

.000217 

.  00C366 

.  000717 

.  0('0233 

.000834 

. 000516 

.001150 

.000684 

.000650 

.000716 

.000917 

.000750 

.001317 

.  000416 

.000417 

.000883 

.  001267 

.  001083 

.  0007.'»0 

. 000650 

.  0010.34 

.001100 

.  001483 

.0027 

.0034 

.0033 

.0033 

.0017 

.0033 

.0034 

.0050 

.0066 

.0067 


Permanent 
set 


Inch. 


Saocessive  ■ 

permanent ' 

set.       I 


Bemarks. 


/ncA. 


Initial  load. 


0. 
0. 

• 

0. 

• 

0. 

0. 

a 

0. 

.000017 
.000017 
.000050 

.000017 
0. 

.000033 
..... ...... 



1 

.000067 

.000017  J 

.000083 

.oo6oi6 

......  ....^. 

.000133 

.000050 

.  001350 

.  001217 

1 

.004500 

.003150 

............1 

1 

1 
-  - 1 

Blasdo  limit. 


Rested  h  hoar  nn- 
der  inftia]  loa1. 


.008500 


.004000 


".6i2283    I  ".003783 


.  017000 


.  004717     Micrometer  removed. ' 
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Applied  loada. 


Total. 


PouiuU. 
28,000 
28.500 
28,750 
25,800 


Per  sanare 
incn. 


EloneatioD 
permch. 


Pounds. 

n2,ooo 

114,000 
115,000 


In^. 
.0733 
.0883 
.1133 


Soooessive 

elonffation 

per  Inoh. 


Permanent 
set 


Inch. 
.0183 
.0150 
.0250 


Inch, 


Sacceesive 

pennanent 

set. 


Inch. 


Bemarks. 


Ultimate  strength. 
Load    at   time  of 
fhusture. 


General  aummary. 

Hardness 24.84 

Tensile  strength  per  sqaare  inch  of  orif^nal  section pounds..    115,000 

Ilastic  limit  per  eoaare  inch  of  original  section do...      64,000 

Xlongation  per  inch  after  rupture inch..        0.143 

Bongation  per  inch  under  strain  at  elastic  limit do...    .002000 

Beduction  in  diameter  at  point  of  rupture do...         .104 

Bednction  in  area  after  rupture,  per  centum  of  original  section 88.0 

Ptsition  of  rupture ".  8  ft«m  neok. 

Ciaracter  of  broken  surface granular,  radiating  from  a  smok j  spot  at  centw 

No.  107. 


Tension  test 
Marks  on  bar,  M.  Bexi — 4. 
Length,  6". 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Per  square 
inch. 


Pounds. 

250 

1,250 

2,500 

3.750 

5.000 

6,250 

7,500 

8,760 

10,000 

11,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,750 

14.000 

14,250 

14,500 

14,750 

15.000 

15.250 

15,500 

15,750 

16,000 

16,250 

16.500 
16,750 
17.000 
17,250 
17,500 
18, 000 
18,500 


Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25.000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55.000 
56,000 
57,000 
58,000 
59.000 
60.000 
61,000 
62,000 
63,000 
64,000 
65.000 

66.000 
67,000 
68.000 
60.000 
70,000 
72,000 
74,000 


Elongation 


Successive 
elongation 


j»"°<'»'-  i'^s'Coh: 


Inch. 
0. 

.000100 
.000250 
.000400 
.000550 
.000700 
.000900 
. 001050 
.  001217 
.001383 
.001550 
.001583 
.  001617 
.001650 
.001717 
. 001750 
.  001817 
.001883 
. 001917 
.001967 
.002050 
.002200 
.002400 
.002550 
.  002917 
.003317 

.003850 
.  004433 
.005383 
.005900 
. 006817 
.008333 
.009333 


Ineh. 

'.'oooioo 

.000150 
.000150 
.000150 
.000150 
.000200 
.000150 
.000166 
.  000167 
.000167 
.000033 
.000034 
.000033 
.000067 
.  000033 
.  000G67 
.000066 
.000034 
.000050 
.000083 
.000150 
.  000200 
.000150 
. 000367 
.000400 

.000533 
.000583 
.000950 
.  000517 
.000917 
.001516 
.001000 


Permanent 
set. 


Successive 

permanent 

set 


In^. 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.  000017 
.000017 


Ineh. 


.000017 
0. 


000033 


.000016 


.000150 


.000117 


.001133 


.000983 


004300 


.003167 


Remarks. 


Initial  load. 


Elastic  limit 


Rested  one  hour  on* 
der  initial  load. 
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Applied  loads. 

1 

ElongBtion 
per  Inch. 

1 

SaceessiTS 

eloneadon 

perlnch. 

ToUL 

Per  square 

Pounds. 

PimndM. 

1 

1      Intk, 

Inch. 

19.000 

76.000 

.011300 

.001967 

19,500 

78,000 

.013467 

.002167 

20.000 

80.000 

.015050 

.001583 

20.500 

82,000 

.016383 

.001383 

21.000 

84.000 

.018650 

.002267 

21.500 

86.000 

.020517 

.001867 

22.000 

,        88.000 

.023033 

.002516 

>    22.500 

'        90.000 

.025100 

.002067 

23.000 

92,000 

.0267 

.0016 

23.500 

94.000 

1      .0300 

.0033 

24.000 

96.000 

.0333 

.0033 

1    24.500 

,        98,000 

.0383 

.0050 

;    25.000 

100,000 

.0417 

.0034 

25.500 

102.000 

.0450 

.0033 

20,000 

1      104,000 

.0517 

.0067 

26.500 

•      106.000 

.0583 

.0066 

27.000 

108.000 

.0683 

.0100 

27.500 

110.000 

.C917 

.0234 

27.580 

U0,320 

.1050 

.01J3 

25.300 

' 

•lit         pennanent 
■^**  set 


Bemarks. 


.011750 


.007450 


.021233 


009483     Micrometer  removed. 


Ultimate  strength. 
Loadattimeof  firauv 
tore. 


General  nummary. 


Tensile  strength  per  sqoare  inch  of  original  section pounds. 

Elastic  limit  per  sqoare  inch  of  originaTsec  Uon do . . 

Slongatiou  per  inch  after  niptare inch. 

Elongation  per  inch  nnder  strain  at  elastic  limit do.. 

Bednction  in  diameter  at  point  of  mptnre do.. 

Bednction  in  area  after  mptore,  per  centom  of  original  section do.. 

Position  of  rupture ''.8  from  middle  of  specimen 

Character  of  broken  sorfiaoe granuLir,  radiating  from  smoky  spot  at  oentei 


2468 

110,  ao 
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348   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


General  aummary. 

(Section  A.) 

Tensile  strength  per  square  inch  of  original  section pounds..        87. 170 

Blasticlimit  per  soaare  inch  of  original  section *. do...        45,  000 

Elongation  per  Inon  after  ruptore inch..    0.  ITS 

Elongation  per  inch  under  strain  at  elastic  limit .' do...      .  001490 

Dimensions  at  point  of  rupture,  2".09  by  ''.88  = square  inch . ,     1. 

Eeduction  in  area  after  rupture,  per  centum  of  original  section 47.  5 

Position  of  rupture 4"  firom  middle  of  the 

Character  of  broken  surface,  fine  granular,  85  per  cent. ;  radiating  fh>m  a  lozenge-shaped  center,  15  per 
cent,  having  a  dull  smoky  color. 


(Section  B.) 

Elastic  limit  per  sauare  inch  of  original  section pounds.. 

Elongation  per  incn  under  strain  at  elastic  limi t inch . . 

(Section  C.) 

Elastic  limit  per  square  inch  of  original  section pounds. 

Elongation  per  inch  under  strain  at  elastic  limit inch., 


49,000 

o.ooieao 


47.000 
0.  001560 


Measarements  showing  the  cross-section  of  the  bar  every  5"  in  length 
after  it  had  been  strained  with  70,000  pounds  per  square  inch  and  re- 
leased to  the  initial  I(»ad. 


Width. 


Thickness. 


Inside      Outside 
edge.         edge. 


Inchet. 
2.T7e 
2.763 
2.765 
2.764 
2.767 
2.772 
2.777 


Ineh«t. 
1.231 
1.231 
1.230 
1.229 
1.232 
1.235 
1.284 


Inehet, 
1.234 
1.230 
1.231 
1.231 
1.232 
1.235 
1.284 


Sectional 

Contrac- 
tion of 

1 

area. 

area. 

Sq.inehet. 

Percent. 

3.42 

2.8 

BndB. 

3.42 

2.9 

3.40 

2.9 

3.40 

2.9 

3.41 

2.6 

3.42 

2.3 

3.48 

2.0 

EndC. 
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352   TESTS  OP  IRON  AND  STEEL  AND  OTHER  MATERIALS. 

General  $ummary, 

(Section  A.) 

Tensile  Rtrength  per  square  inch  of  orlffinal  section jMonds..        76,  <M0 

Elastic  limit  per  saaare  inch  of  originiJ  section. do...        40,  OOO 

Elonj^ation  per  incn  after  mptare inch..  0. 156 

Elongation  per  inch  under  strain  at  elastic  limit do . . .    0. 001337 

Dimensions  at  point  of  mptare,  2".04  by  ".85= square  inch . .         1.  734 

Reduction  in  area  after  rapture,  percent,  oif  original  section 40.4 

Position  of  rupture 4"  from  middle  of  bar 

Character  of  broken  surface :  fine  silky,  83  per  cent ;  granular,  67  per  cent.,  radiating  from  ailky  por- 
tion. 

(Section  B.) 

Elastic  limit  per  scuareinch  of  original  section pounds..        41,400 

Elongation  per  incn  under  strain  at  elastic  limit inch..    0. 001490 

(Section  C.) 

Elastio  limit  per  square  inch  of  original  section pounds..        40,006 

Elongation  per  inch  under  strain  at  elastic  limit inch . .    0. 00 1327 

Measarements  showing  the  cross-section  of  the  bar  every  5''  in  length 
after  it  had  been  strained  with  60,000  podnds  per  square  inch,  and  re- 
leased to  the  initial  load. 


Thickness. 

1 

1 

Width. 

Sectional 

Contrac- 

tion of 

Inside 

Outside 

area. 

area. 

edge. 

edge. 

Jnehet. 

Inchei. 

Inehet. 

Sq.ineh. 

P$r  cent. 

2.7tf2 

1.200 

1.105 

3.31 

3. 5       End  B.     I 

2.760 

1.207 

1.207 

8.33 

2.0 

2.750 

1.207 

1.206 

8.33 

2.0 

2.751 

1.202 

1.208 

3.31 

3.5 

2.747 

1.201 

1.200 

3.30 

3.8 

2.752 

1.203 

1.202 

3.31 

3.5 

2.758 

1.107 

1.107 

3.30 

8. 8      End  C. 

1 

7^, 


'07n  .yza 
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No.  108. 

Temian  test 

Marks  on  bar,  M.  B^^^^o. 

Length,  6'^ 

Diameter,  .''664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Poundt. 
230 
1,250 
2,500 
8.750 
5.000 
0,250 
7,500 
8,750 
10.000 
11, 250 
11,500 
11,750 
12,000 
12,250 
12.500 
12, 750 
13.000 
13,250 
13,500 
18.750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15^500 
15.750 
16,000 
16,250 
16.500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19.000 
10,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,  000 
25,500 
23,000 


Persoiiare 
inoii. 


Poundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
80.000 
85,000 
40,000 
45,000 
46,000 
47,000 
48.000 
40,000 
50,000 
51.0U0 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59.000 
60,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67.000 
68,000 
60,000 
70,000 
72,000 
74,000 
76.000 
78.000 
80.000 
82.000 
84,000 
86,000 
88.000 
90,000 
92,000 
94,000 
06.000 
98,000 
100,000 
102, 000 


Blonntion 
per  inch. 


Inch. 
0. 

.000117 
.000267 
.000417 
.000550 
.000683 
.000850 
.001000 
.001167 
.  001883 
.001383 
.001433 
.001500 
.  001517 
.001567 
.001750 
.003333 
.  003817 
.004533 
.004983 
.005550 
.006083 
.007017 
.007488 
.00(?650 
.009233 
.009467 
.010233 
.011817 
.011867 
.012683 
.  013317 
.014000 
.0150K3 
.  016183 
.017938 
.020100 
.021983 
.024383 
.026750 
.0283 
.0317 
.0350 
.0383 
.0433 
.0467 
.0533 
.0617 
.0717 
.0850 
.1167 


SacoeMiTe 

eloDgation 

per  Inch. 


Pennanent 
set 


Inch. 


Inch. 


.000117 

.000150 

.000150 

.000138 

.000188 

.000167 

.000150 

.000167 

.000166 

.000050 

.000050 

.000067 

.000017 

.000050 

.000183 

.001589 

.000524 

.000716 

.000450 

.000567 

.000538 

.000934 

.000466 

.001167 

.000583 

.000284 

.000766 

.001084 

.000550 

.000816 

.000634 

.001283 

.000488 

.001050 

.001800 

.002167 

.001888 

.002300 

.002467 

.001550 

.0034 

.0033 

.0033 

.0050 

.0034 

.0066 

.0084 

.0100 

.0133 

.0317 


-s 000017. 

—.000017 

—.000017 

—.000017 

—.000017 

—.000017 

0. 

0. 


SnocesslTe 

permanent 

set. 


Inch, 


—.000017 
0. 
0. 
0. 
0. 
0. 
.000017 
Ol 


.  000100 


.000100 


.008033 


.002933 


.006888 


.008300 


000867 


.018283 


.023338 


.003034 


.008916 


.010060 


Remarks. 


Initial  load. 


Elaatlo  limit. 


Micrometer  remoYed. 


Ultimate  stren^h. 
Load  at  time  of  fract- 


ure. 


General  summary. 


Tensile  strength  per  square  inch  of  original  section pounds..        102,000 

Elasticiimit  per  square  inch  of  originalsection do....         50,000 

Elongatiuu  perinea  after  rapture inch..      0.178 

Elongation  per  inch  under  strain  at  elastic  Umit '. do 001567 

Kedaction  in  diameter  at  point  of  rupture 114 

Beduotionin  area  after  rupture, per  centum  of  original  section 86.4 

Position  of  mptur« IJ"  fh>m  neck 

•Character  of  broken  surface granular,  radiating  from  smoky  spot  at  center. 


S.  Ex.  35- 


.23 
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No.  109. 

Teimon  test 

Marks  on  bar,  M.  B^xs — 6. 

Length,  6". 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Poundt. 

250 

1,250 

2,500 

8,760 

5.000 

6.250 

7,5(K) 

8,750 

10.000 

11,250 

12,500 

12,750 

13.000 

13.260 

13,500 

13.760, 

14,000 

14,250 

14,500 

14,750 

16,000 

15,250 

15,600 

15,750 

16,000 

16,250 

16,500 

16.760 

17,000 

17,260 

17.600 

18,000 

18,500 

19,000 

10,500 

20,000 

20.500 

21,000 

21,600 

ae,ooo 

22,600 
28,000 
23,500 
24,000 
24,600 
26,000 
26,500 
26.000 
26,800 
28,860 


Per  BQUAre 


Bona 

QCII. 


inc 


I 


Pounds. 
1,000 
6.000 
10,000 
15,000 
20,000 
25,000 
30.000 
86.000 
40.000 
45,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
66.000 
67.000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67.000 
68,000 
60.000 
70.000 
72,000 
74,000 
76,000 
78,000 
80.000 
82,000 
84,000 
86.000 
88,000 
90,000 
92,000 
94.000 
96,000 
08.000 
100,000 
102,000 
104,000 
106,200 


Elongation  fSSSSiJr  Permanent  t^S^H 
perTnch.   ^1^°'^;^?°         aet  1^™*"-* 


per  inch. 


Inch. 
0. 

.000083 
.000183 
.000333 
.000450 
.000583 
.000750 
.000016 
.001100 
.001260 
.001467 
.001650 
.0016H3 
.0t)l883 
.002733 
.003233 
.003783 
.  004233 
.004900 
.005467 
.0062M3 
.006833 
.007638 
.008100 
.009067 
.000433 
. 010817 
.010867 
.011817 
.012650 
.018850 
.015067 
.016983 
.018900 
.020988 
.022988 
.0260 
.0283 
.0317 
.0350 
.0867 
.0417 
.0450 
.0600 
.0550 
.0660 
.0767 
.0983 


Inch. 


.000033 

.000150 

.000150 

.000117 

.000133 

.000167 

.000166 

.000184 

.000150 

.000217 

.000083 

.000133 

.01K)200 

.INMI&50 

.000.500 

.000500 

.000500 

.000667 

.000667 

.000816 

.000.550 

.000700 

.000567 

.000967 

.000866 

.000884 

.000550 

.000050 

.000783 

.000800 

.001717 

.001866 

.001967 

.002083 

.002000 

.01*2017 

.0033 

.0034 

.0038 

.0017 

.0050 

.0033 

.0060 

.0060 

.0100 

.0117 

.0216 

.0250 


Ineh. 


'  .000017 

-  .000017 
-.000033 

-  .000033 

-  .000038 
.  .000050 

-  .000050 

-  .000050 
0. 


penuAuent 
set. 


Ineh. 


.001883 


.004100 


.006917 


010517 


010667 


—  .000017 
0. 

—  .000016 
0. 

0. 
~.  000017 
0. 
0. 
.000050 


Bemarka. 


.001388 


002717 


002817 


.008600 


009050 


Elastio  limit. 


I 
Micrometer  removed. 


Ultimate  strencth. 
Load  at  time  of  naet> 
nre. 


General  eummarjf, 

Tenaile  atrength  per  square  inch  of  original  aeotion pounds.. 

XlastJc  limit  per  square  inch  of  original  aeotion do.... 

Elongation  per  inon  after  rupture  .  . inch.. 

Xlongation  per  inch  under  atraln  at  elastic  limit do.... 

Beiluction  in  diameter  at  point  of  rupture do. . . . 

B^uction  in  area  after  rupture,  per  centum  of  original  seotton 

Poaition  of  rupture l".8fhmi  neok. 

Character  of  broken  surface granular,  radiating  ftttm  smoky  apot  al  oontar. 


105k  SOP- 
60.00» 
a  167 
.0014«r 
.U4 
86.4 
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Under  the  higher  loads  the  stretch  of  the  metal  was  irregalariu  dif- 
ferent sections,  making  itself  manifest  by  convexing  the  sides  of  the 
bar  at  different  places  along  its  length.  The  position  of  the  point  of 
maximum  convexity  was  observed  to  change  as  the  loads  advanced. 

General  §ummary» 

(Section  A.) 

Tensile  streDgth  per  aqnare  inch  of  original  section pounds..  79.180 

Elftstic  limit  per  square  inch  of  original  section do 41,(NK> 

Elongation  per  inch  after  ruptnre inch. .    0. 142 

Elongation  per  inch  nnder  strain  at  elastic  limit do 001870 

Dimensions  at  point  of  rupture,  2".06xl".02= square  inches..    2.10 

Keductionin  area  after  rupture,  per  centum  of  original  section 40.3 

Position  of  rupture 2  inches  from  end  M.  Bk.  x.  f— 6 

Character  of  broken  surface ^^^\J  '^^  ^^®  center,  gradually  changing  to  granular  at  the  edges. 

The  granular  metal  radiates  from  the  center  of  the  bar. 

(Section  B.) 

Elastic  limit  pe r  equate  inch  of  original  section pounds . .  42. 000 

Elongation  per  incn  under  strain  at  elastic  limit inch..    0.001430 


(Section  C.) 

Elastic  limit  per  square  inch  of  original  section pounds . . 

Elongation  per  incn  under  strain  at  elastic  limit inch . . 


42.000 
0.001418 


Sectional  areas  and  ordinates  measured  every  5  inches  along  the  length 
of  the  bar,  after  it  had  been  strained  with  46,000  pounds  per  square  inch 
and  released  to  zero  load. 


ABBAS. 


End  areas  taken  i  inch  from  cnrre  of  neoks. 


Thickness. 

Width. 

Sectional 

Contraction 

Indside 

Outside 

area. 

of  area. 

edge. 

edgeu 

JndiM. 

IfUh, 

ifieft. 

Sq.Inekei. 

Percent 

2.782 

1.467 

L467 

4.08 

1.4 

End  M.  Bk.  x.  t— 6. 

2.786 

1.472 

1.472 

4.10 

1.0 

2.788 

1.471 

1.471 

4.10 

1.0 

2.801 

1.476 

L478 

4.14 

0.0 

X796 

1.472 

1.477 

4.12 

0.6 

2.786 

1.472 

1.470 

4.10 

1.0 

2.784 

1.471 

L472 

4.10 

1.0 

EndlLBK.  x.'>~6. 

OBDINATES. 


y 


Base  line  parallel  to  edge  of  bar,  beginning  i  inch  from  neck  at  each 
end.    Pins  readings  indicate  convexity,  minus  readings  concavity. 


LineD 
Li^eE 
Line  F 
I«lneG 
LineH 
Line  I 
LineK 
LineL 


0 
0 
0 
0 
0 
0 
0 
0 


Inch. 

+.0010 
—.0010 
+. 0100 
-f.0084 
—.0025 
+.0050 
—.0040 
—.0048 


Iiuh, 

Ineh. 

1 
Ineh, 

Ineh, 

+.0134 

+.0358 

+.0280 

+.0050 

0 

+. 0120 

+.0337 

+.  0250 

+.0026 

0 

+.0075 

+.0084 

+.0069 

+.0040 

0 

+.0060 

+.0072 

+.0074 

+.0008 

U 

—.0122 

—.0185 

—.0180 

-.0050 

0 

—.0046 

— .  0130 

—.0124 

—.0012 

0 

—.0011 

+.0050 

+.0016  . 

—.0009 

0 

—.0008 

+.0050 

• 

0 

0 
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The  behavior  of  this  bar  when  the  maximam  load  was  nearly  reached 
was  similar  to  that  of  the  retempered  bars,  Nos.  Ill  and  112,  in  the 
vicinity  of  their  elastic  limit,  {.  e.,  the  bar  would  show  a  falling  off  of  the 
load  sustained  daring  the  time  the  metal  continned  to  stretch. 

General  summary, 

(SeoUoii  A.) 

Tensile  iitrength  per  sqoMre  inoh  of  orisinal  seotion poands..       91,070 

EUwtic  limit  per  soQAre  inch  of  originAl  section do    ..        47,000 

Elongation  per  inon  sfter  ruptare .inch..      .lOiS 

Elongation  per  innh  under  strain  at  elastic  limit do...      .001M8 

« Dimensions  at  point  of  rapture,  2'M5X1'^08 sqoare  inch..    2. 322 

Bednctlon  in  area  after  rapture,  per  centam  of  original  section 42.4 

Position  of  raptnre 9"  from  neck  at  end  M.  B«ss  —6 

Character  of  broken  surface granular,  radiating  fh>m  a  doll  smoky  spot  ".40  in  diameter  at  the 

center  of  the  bar. 

(Section  B.) 

ELssUc  limit  per  sqoare  inch  of  original  section poands..    50,000 

Elongation  per  inch  nnder  strain  at  elastic  limit inch..  .001810 

(Section  0.) 

Elastic  limit  per  square  inch  of  original  section poands..    50,000 

Elongation  per  incn  under  strain  at  elastic  limit inch..  .001680 


15 


%3cZ  ^^^^  ^oTTt^  .Soo/?  ^ex 


^*s^  y*g>f^ 


JZ)oB€e€^   cz-^aZe^y     %^?ioy^  >ftx«V/%^€ae    cfC55«. 
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No,  314. 


Tension  test. 
Marks  on  bar,  "•■«•> 
Length,  6^'. 
Diameter,  ".564:. 
Seotional  area,  .25  square  inch. 


Applied  loftd*. 

Elongation 
per  mob. 

Saocewive 

eloniration 

perinch. 

Permaaeat 
set. 

SaooeeaiTe 
permanent 

set. 

Bemarka. 

Total. 

Per  ■oaare 
incn. 

Pounds, 

250 

1,260 

2,600 

8,760 

6,000 

6,260 

7,500 

8,750 

10,000 

10,250 

Pounds, 
1.000 
5,000 
10,000 
16,000 
20,000 
26,000 
80,000 
35,000 
40,000 
41.000 

0. 

.000188 
.000300 
.000467 
.000617 
.000767 
.000933 
.001100 
.001267 
.001267 
.001300 
.001350 
.001383 
.001417 
.  001450 
.001483 
.001533 
.001550 
.001600 
.001683 
.001667 
.  001700 
.001733 
.001767 
.001860 
.001883 
.001950 
.002067 
.002288 
.002917  . 
.008833 
.004150 
.006667 
.006267 
.006467 
.006717 
.007138 
.008217 
.008883 
.010207 
.012117 
.013767 
.  015283 
.016817 
.018833 
.020950 
.022583 
.024967 
.027450 
.020967 
.033333 
. 036333 
.030833 
.044567 
.0500 
.0583 

Ineh. 

0. 

.000183 
.000167 
.000167 
.000160 
.000150 
.000166 
.000167 
.000167 

0. 

f000033 
.000<<60 
.000033 
.000034 
.000033 
.000033 
.000050 
.000017 
.000050 
.000033 
.000034 
.000033 
.000033 
.000034 
.000083 
.000033 
.000067 
.000117 
.000216 
.000634 
.000916 
.000317 
. 001517 
.000600 
.000200 
.000250 
.000416 
.001084 
.000666 
.001384 
.001850 
.001650 
.  001616 
.001534 
.002016 
.002117 
.001633 
.002384 
.002483 
.002517 
.003366 
.003000 
.003500 
.004734 
.005433 
.0083 

Itiek. 

0. 

0. 

.000017 
.000017 
.000088 
.000060 
.000050 
.000067 
.000067 

Inch, 
0. 

Tnitialload. 

.000017 
0. 

.000016 

.000017 
0. 

.000017 
0. 

10,500            42,000 
10, 750            43, 000 
11,000            44.000 

11,250 
11.500 
11,750 

46,000 
46,000 
47.000 

.000083 

.000016 

1 

Elaatio  limit. 

• 

MierometerremoTod. 

12,000    .        48;000 
12,250     ,        49,000 
12,500            50,000 
12. 750            61. 000 



.000100 

.000017 

13,000 
18,250 

52,000 
53.000 

13,500            54;000 

13, 750            55, 000 
14, 000            56. 000 
14,250    1        57,000 
14,600    '        58.000 

.000117 

.000017 

14,750 
15,000 
16,260 
15,600 
16.750 
16,000 
16,250 
16,500 
16,760 
17,000 
17,250 
17,500 
18,000 
18,500 
19,000 
19,500 
20.000 
20,500 
21,000 
21.500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 

60,000 
60,000 
61,000 
62,000 
63,000 
64.000 
65^000 
66,000 
67,000 
68,000 
60,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84,000 
88,000 
88,000 
90,000 
02,000 
94.000 
96,000 
98,000 
100,000 
102,000 
104,000 

.000417 

.000800 

.008900 

.008488 

.006233 

.002888 

• 

************ 
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AppUed  loads. 

Elongation 
per  inch. 

Snooessiye 

elonsation 

per  inofau 

1 

sei. 

1 

t 
1 

TotaL 

Per  square 
inon. 

Remarks. 

Powids. 
20,500 
27,000 
27,240 
24,000 

Poundt. 
100,000 
108,000 
108,900 

Inch. 
.0707 
.0807 
.1117 

Ineh. 
.0184 
.0100 
.0250 

■ 
Inch.            Inch. 

Ultimate  stren^b. 
Load    at    time    of  * 

1 

1 

• 

• 

rapioie.                  j 

> 

Gefieral  summary. 

Tensile  strength  per  sqnare  inch  of  original  seotion poonds..        106;  Wft 

Slastio  limit  per  square  inch  of  originaJ  section do —         58,00^ 

Elongation  per  inon  after  rapture inch..      .  1317 

Elongation  per  inch  under  strain  at  elastic  limit do...      .001960 

Redaction  in  diameter  at  point  of  rapture 114 

Redaction  in  area  after  rapture,  per  centum  of  original  section 30. 4 

Position  of  rapture ".00  from  neck. 

Character  of  broken  surfiice granular  00  pe^  cent.,  dnll  center  40  per  cent. 

Elongation  of  inch  sections 'M2    'Ml    'MO    'MO    'Ml    (".25  fractured  section). 

No.  315.   . 

Tension  test 
Marks  on  bar,  m.,bex3 

Length,  6'\ 

Diameter,  ^'.564. 

Sectional  area,  .25  square  inc]|. 


Applied  loads. 


Total. 


Poundt. 

250 

1,250 

2,500 

3.760 

6,000 

0.250 

7,500 

8,750 

10.000 

10,250 

10,500 

10.750 

11,000 

11«250 

11.500 

11,760 

12,000 

13,250 

12,500 

12,700 

13,000 

18,250 

13,500 

18,760 

14,000 

14,250 

14,500 

14,750 

15^000 

15,250 

16.600 

15,750 

10.000 

10*250 


Per  sonars 
inch. 


Poundt. 
1,000 
5*000 
10,000 
15,000 
20,000 
25.000 
30.000 
36,000 
40,000 
41,000 
42.000 
48,000 
44,000 
46.000 
40,000 
47,000 
48,000 
40,000 
50,000 
51,4)00 
62,000 
53,000 
64.000 
56.000 
50,000 
57,000 
58,000 
59,000 
00,000 
01.000 
02.000 
03,000 
04,000 
05,000 


Elongation 
per  incb. 


Ineh. 
0. 

.000117 
.000833 
.000450 
.000017 
.000783 
.000033 
.001050 
.  001217 
.001267 
.001300 
.001333 
.  001307 
.001400 
.001407 
.001500 
.001533 
.001567 
.001000 
.001038 
.001007 
.001700 
.001750 
.001817 
.001000 
.002038 
.002033 
.003507 
.004400 
.004788 
.005307 
.000083 
.000738 
.007633 


Successive 

elongation 

per  inch. 


Inch, 
0. 

.000117 
.000110 
.000117 
.000107 
.000110 
.000200 
.000117 
.000167 
.000060 
.000083 
.000088 
.000084 
.000038 
.000007 
.000088 
.000088 
.000084 
.000083 
.000038 
.000084 
.000088 
.000050 
.000007 
.000083 
.000183 
.000900 
.000084 
.000883 
.000388 
.000584 
.000000 
.000700 
.000800 


Permanent 
set. 


Ineh, 

0. 

0. 

0. 

0. 

.000017 
.000017 
.000038 
.000060 
.000060 


.000007 


.000088 


.000150 


.002800 


.006188 


Snocessiye 

pwmanent 

set 


Inch, 


0. 


.000017 

0. 

.000010 
.000017 

0. 


.000017 


.000010 


000007 


002160 


002888 


Remarks. 


Initial  load. 


Slastio  limit 
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Applied  loads. 


Total.    I^^^J^'* 


Pounds. 
16.560 
16,750 
17,000 
17,250 
17.500 
18,000 
18,500 
19,000 
19,500 
20,000 
20,500 
21.000 
21,500 
22,000 
22.500 
23,000 
23,500 
24.000 
24.500 
I  25,000 
I  25,500 
;  26,000 
26,500 
I  26,610 
,    24,200 


Poundt, 

66.000 

67,000 

68,000 

60,000 

70,000 

72.000 

74,000 

76,000 

78,000 

80,000 

82,000 

84,000 

86,000 

88,000 

90,000 

92,001 

94,000 

96,000 

98,000 

100,000 

102,000 

104,000 

106,000 

106,440 


EloDffatioii 
per  Inch. 


Inch. 

.008133 

.008700 

.OOgBOO 

.010200 

.011300 

.  012617 

.  018067 

.016867 

.017050 

.019883 

.021917 

.  023950 

.020067 

.028783 

.031750 

.084800 

.038233 

.042650 

.048867 

.052500 

.0660 

.0763 

.1033 

.1233 


SnoceMive 

elongation 

per  inch. 


Inch 

.000600 

.000567 

.000100 

.001400 

.001100 

.  001317 

.001350 

.001900 

.002083 

.001933 

.002034 

.002033 

.002117 

.002716 

.002967 

.008050 

.003i33 

.004417 

.006217 

.003633 

.0125 

.0133 

.0250 

.0200 


Permanent 
set. 


Inch, 


Snocessiye 

pefmMient 

set 


Inch. 


.008617 


.003434 


Bemarka. 


MioTometer  re- 
moved. 


•  Ultimate  streniirth. 
Load  at  time oirup- 
tnre. 


General  summary. 

Tensile  strength  pQr  square  inch  of  original  section ponnds. .      106, 440 

Elastic  limit  per  square  inch  of  original  section *. do —        54,000 

Blongation  per  incn  after  rupture inch. .      .  1633 

Elongation  per  inch  under  strain  at  elastic  limit  do . . .      .  001750 

Seduction  in  diameter  at  point  of  rupture do...      .114 

Reduction  in  area  after  rupture,  per  centum  of  original  section 36.4 

Position  of  rupture i''  from  middle  of  stem 

Character  of  broken  surface dull  spongy,  interspersed  with  fine  granulation 

Blongation  of  inch  sections ".12,  ".15,  ".19  (".32  fractured  section),  ".18,  ".07 

No.  316. 
Termon  teat 


Marks  on  bar,  "•  ?J*  *• 

Length,  e^.OO. 

Diameter,  '^564. 

Sectional  area,  .25  sqnare  inch. 


Applied  loads. 

Elongation 
per  inch. 

.Snocessiye 

elongation 

per Inch. 

Permanent 
set 

Sncoesslve 
permanent 

set 

Total. 

Per  souare 
inch. 

Bemarka. 

Pound*. 
250 
1,260 
2,600 

Poundt. 
1,000 
6,000 

10  AAA 

Inch. 
0. 

.000133 
.000267 
.000417 
.000567 
.000717 
.000867 
.001038 

Inch. 
0. 
.000133 

Inch. 
0. 
0. 

Tneh, 
0. 

Initial  load. 

.000134 
.000150 
.000150 
.000160 
.000150 
.000166 
.000167 
.000917 
.000088 
.000033 
.000034 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

8,760            15,000 
5,000    '        20,000 
6. 250            2S  OflO 

7.500 

8,760 

10,000 

10,250 

10,500 

30.000 
85,000 
40,000 

"    * 

.0A1900 

41, 000           -  001217 

42,000 
48,000 
44,000 

.001250 
.001283 
.001317 

• 

10,750 

11,000 

368   TK8T8  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


Applied  loads. 


Total. 


Poundt. 
11,250 
11,500 
11,750 
12,000 
12,250 
12,600 
12.750 
13,000 
13,250 
18,500 
13.750 
14,000 
14.250 
14,500 
14,750 
15.000 
15,250 
15,500 
15,750 
10,000 
17,250 
16,500 
16,750 
17,000 
17,250 
17,500 
18,000 
18,500 
19.000 
19.500 
20.000 
20,500 
21,000 
21.500 
22.000 
22,500 
23,000 
23,500 

24,noo 

24,500 
25.000 
25.500 
23,000 


Per  Maare 
Incn. 


45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
53.000 
54.000 
55,000 
56,000 
57,000 
56,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67.000 
68,000 
69,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
02,000 
94,000 
96,000 
98,000 
100,000 
102,000 


Elongation, 
per  Inch. 


Inch, 

.001850 

.001400 

.001433 

.001467 

.001517 

.001683 

.001650 

.001950 

.  003917 

.004633 

.005083 

.005717 

.006167 

.006917 

.007517 

.008883 

.009083 

.009717 

.010283 

. 011217 

.011950 

.012583 

.  013267 

.  014083 

.014900 

.016367 

.  017807 

.019850 

.021900 

.023983 

.026350 

.029000 

.  031333 

.  034617 

.  030033 

.  042117 

.047683 

.  052967 

.0617 

.0717 

.0888 

.1233 


Sacoeesive 

elongation 

periuch. 


Jfidk. 

.000083 

.000060 

.000038 

.000084 

.000050 

.000066 

.000067 

.000800 

.001967 

.000716 

.000450 

.000634 

.000450 

.000750 

.000600 

.001116 

.000450 

.000634 

.000566 

.000934 

.000733 

.000633 

.000684 

. 000816 

.000817 

.001467 

. 001500 

.  001983 

.002050 

.002083 

.002367 

.  002650 

.002333 

.003284 

.004416 

.003084 

.005566 

.005284 

.008733 

.0100 

.0166 

.0350 


Permanent 
set. 


Inch. 
.000017 


.000100 


.008100 


.006850 


.009433 


.  013467 


Snoceasive 

permanent 

set. 


Inch, 
.000017 


.000088 


.008000 


.008260 


.003083 


.004034 


Bemarka. 


Elastic  limit. 


If  iorometer  removed.  < 


Ultimate  strength. 
Load  at  time  ofrapt- 
ure. 


General  summary. 

Taisile  strength  per  square  inch  of  original  section pounds. .       102, 090 

Elastic  It mit  per  square  inch  of  original  section do 51, 000 

Elongation  per  incn  after  rupture inch . .  0. 17 

Elongation  per  inch  ander  strain  at  elastic  limit do 001050 

Reduction  in  diameter  at  point  of  rupture 1234 

Reduction  in  area  after  rupture,  per  centum  of  original  section 39. 2 

Position  of  rupture at  middle  of  stem 

Character  of  brolcen  surface dull  spongy,  interspersed  with  fine  graoalation 

Elongation  of  inch  sections ".10  ".  16  (".30  fhictured  section)  ".  22  ".  14  "11 
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No.  376. 

Compression  test* 
Marks  on  bar,  "^Sf** 
Length,  8''.96. 
Diameter,  1".129. 
Sectional  area,  1  sqaare  inch. 

Gompression  measarement  not  taken,  the  length  of  specimen  not 
admitting  the  application  of  the  micrometer. 


Applied  loads. 

ComprM- 

•ion  per 

IncL 

SaooeMive 

oomprae- 

ekmper 

Inon. 

Pennanent 
aet. 

SacoeaaiTe 

peTmanent 

aet. 

Bemarka. 

ToUd. 

Peraanare 
Inch. 

Pounds. 
82,000 

79,000 

81,260 

P<nmdi, 
82,000 

79,000 

81,260 

Inch, 

Inch. 

Jim*. 

Inch, 

Perceptible  defla- 
tion. 

Middle  deflection, 
".1ft. 

Ifiddle  deflection, 
".25;  ultimate 
atrength. 

• 

■ 

Failed  by  triple  flexure. 
S.  Ex.  36 ^24 


SEx3549t 
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No.  304. 


tension  test. 
Marks  on  bar,  \** 
Length, »'. 
Diameter,  ''.561. 
Sectional  area,  .247  square  inch. 


Applied  loads. 


Total. 


Pounds, 
247 
1,285 
2,470 
8,705 
4,  MO 
8,175 
7,410 
8,645 
0,880 
10,127 
10,874 
10,021 
10,808 
11,115 
11,863 
11,609 
11,856 
12,103 
12.350 
12,5(r7 
12,844 
13,091 
18,838 
18,585 
13,832 
14,079 
14,826 
14,573 
14,820 
15,067 
15, 314 
15,561 
15,808 
16,055 
16,302 
16,549 
16,706 
17.043 
17,290 
17,587 
17,784 
18.081 
18,278 
18.525 
18,772 
19, 019 
19,266 
19, 513 
19,760 
20,254 
20,748 
21,242 
21,736 
22,2:i0 
22,724 
23, 218 
23,712 
24.206 
24,700 
25,194 
25,688 
26,182 
26,676 
27,170 


Per  ■onan 
In  on. 


Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
30.000 
35,000 
40,000 
41.000 
42.000 
43,000 
44.000 
45.000 
46,000 
47,000 
48,000 
40.000 
50.000 
51,000 
52,000 
58,000 
54,000 
55,000 
56.000 
57,000 
58,000 
59,000 
60,000 
61,000 
62.000 
63,000 
64,000 
65,000 
66.000 
67.000 
68,000 
69.000 
70,000 
71,000 
72,000 
73,000 
74,000 
75.000 
76.000 
77.000 
78.000 
79.000 
80.000 
82,000 
84.000 
86,000 
88,000 
90,000 
92,000 
94.000 
96,000 
08.000 
100,000 
102,000 
104.000 
106,000 
108,000 
110,000 


BlonitAtioii 
per  inch. 


Inch. 
0. 
.000088 

.000217 

.000883 

.000617 

.000667 

.000883 

.000967 

.  001117 

.001150 

.001167 

.001183 

.001200 

.001283 

.001267 

.001300 

.001338 

.001388 

.  001417 

.001433 

.4M)1467 

.001488 

.001567 

.001583 

.001600 

.001617 

.001660 

.001683 

.  001717 

.001767 

.001800 

.001833 

.  001888 

.  0019i7 

.001933 

.001063 

.002000 

.002067 

.002083 

.  002117 

.002167 

.002233 

.002833 

.004250 

.005050 

.005900 

.006783 

.007833 

.006717 

.010150 

.011933 

.013483 

.  015783 

.  017550 

.010317 

.021838 

.0233 

.0250 

.0383 

.0317 

.0350 

.0375 

.0433 

.0483 


SaocoMiTe 
elongation 
per  inoh. 


0. 


Inch. 


.000088 

.000134 

.000166 

.000134 

.000150 

.000166 

.000134 

.000150 

.000033 

.000017 

.000016 

.000017 

.000038 

.000034 

.000033 

.000033 

.000050 

.000034 

.000016 

.000034 

.000016 

.000084 

.000016 

.000017 

.0OUO17 

.000033 

.000033 

.000034 

.000050 

.000033 

.000033 

.000050 

.000034 

.000016 

.000050 

.000017 

.000067 

.000016 

.000034 

.000050 

.000066 

.000600 

.001417 

.000800 

.000850 

.000883 

.001050 

.000884 

.001433 

.001783 

.001550 

.002300 

.001767 

.001767 

.002516 

.001467 

.0017 

.0033 

.0084 

.0033 

.0025 

.0058 

.0050 


Peimaaent 
■et 


Inch, 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 


0. 


0. 


SnooeMiTe 

permanent 

set. 


Jnek, 


0. 


0. 


.000017 


.000017 


.000017 


.001800 


.005883 


.000017 


0. 


.001788 


.004088 


Bemarka. 


Initial  load. 


Elastic  limit 


Micrometer  re* 
mored. 
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Applied  loads. 


iSIonntioii  SucceMive  Permaaent  ^"«**^^! 
'^•fr^     elongation  *'^»"*"«»''  ponnaaent 

TfttoL     '*•«'  •a«««     "^  perSch.  "•*•        ,        eet. 

'*'*'**^  incn. 


PoimmU. 
27.664 
28,158 
28,652 
28,790 
29,000 
24,700 


I 


Poundg. 
112,000 
114.000 
116.000 
116,560 
117.410 


Inch. 
.0660 
.0650 
.0800 
.0917 
.1117 


Inch. 

.0067 

.0100 

.0150 

.0117 

.0200 


Jn^ 


Inch. 


I  TJltinutte  strangtii. 
Load   at    time   of 
mptore. 


General  eummarp, 

*Teiiaile  strength  per  aqnare  inch  of  original  seetion poonda..        117,410 

Slastio  limit  per  sqnare  inoh  of  original  section do 72,060 

Elongation  per  inch  alter  rapture inoh..      0l145 

Elongation  per  inch  under  strain  at  elaaticlimit do  ...        .002167 

Bedaotion  In  diameter  at  point  of  rupture do 141 

Beduction  in  area  after  rupture,  per  centum  of  original  section 43w7 

Position  of  rupture l^'trom  neck 

Character  of  broken  surfkce silky,  interspersed  with  fine  graavhstion 

Elongation  of  inch  sections ".10.  ".11,  ".12, 'MO  (".30  fractured  section).  ".14 

No.  306. 

TetUfian  test 
Marks  on  bar,  ^^i 
Length,  6''. 
Diameter,  '^561. 
Sectional  area,  .247  square  inch. 


AppUed  loads. 

Elongation 
per  Inch. 

Suooessive 

elongation 

perinoh. 

Permanent 
set. 

Suooessire 

TotaL 

Personare 
inoh. 

permanent 
set. 

Poundi, 

247 

1,285 

2,470 

3,706 

4,940 

6,175 

7,410 

8,645 

9,880 

10,127 

10,874 

10,621 

10.868 

11, 115 

11,862 

11,609 

11,856 

12,103 

12,350 

12,597 

12,844 

13,091 

13,338 

18,565 

13,832 

14,079 

14,826 

14. 578 

14,820 

15,067 

15,814 

15.561 

Powulf. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80.000 
85,000 
40,000 
41,000 
42,000 
48,000 
44,000 
4.^,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 

Jim*. 
0. 

.000138 
.000288 

.000417 
.000660 

.000700 
.000667 
. 001017 
.001188 
.001200 
. 001217 
.001200 
.001283 
.  001317 
.001350 
.001383 
.001417 
.001450 
.001483 
.  001517 
.001550 
.001583 
.  001617 
.001650 
.001683 
.001700 
.001783 
.001767 
.001800 
.001867 
.001900 
.001988 

Inek. 
0. 

.000188 
.000150 
.000134 
.000183 
.000150 
.000167 

Inek. 

0. 

0. 

0. 

0. 

0. 

Inek, 
0. 

Initial  load. 

0. 

0. 

...... ...... 

.  000150    i        0. 

....■• .••••. 

.000166 
.000017 
.000017 
.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000038 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000038 
.000017 

a 

...... ...... 

.000033 


.000033 

.000033 

0. 

.000050 

.000017 

.000033 
.000034 
.000033 
.000067 
.000033 
.000033 

.000067 

.000017 
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Applied  loads. 


Poundt. 
16,  SOS 
18. 055 
16.802 
16.649 
16.796 
17.043 
17.290 
17,537 
17,784 
18.031 
18,278 
18.525 
18,772 
19. 019 
19,266 
19, 518 
19,760 
20,254 
20,748 
21,242 
21, 736 
22,230 
22,724 
23,218 
23.712 
24,206 
24,700 
25,194 
25,688 
26,182 
26,676 
27,170 
27,664 
28.156 
28,652 
26,100 
24,800 


Per  square 
JnoD. 


Elongation 
per  Inch. 


Pounds. 

64,000 

65,000 

66.000 

67,000 

68.000 

60,000 

70,000 

71,000 

72,000 

78,000 

74,000 

76,000 

76,000 

77.000 

78,000 

79,000 

80,000 

82,000 

M,000 

86,000 

88,000 

90,000 

92,000 

94.000 

96,000 

98,000 

100,000 

102,000 

]04,000 

106,000 

108,000 

110,000 

112,000 

114.000 

116. 000 

117, 810 


Inch. 

.001967 

.002000 

.002017 

.002050 

.002083 

.  002117 

.  002167 

.002200 

.002250 

.002350 

.002933 

.004300 

.005283 

.006050 

.006983 

.007750 

.008750 

.010233 

.011567 

.013667 

.015500 

.017450 

.019300 

.021450 

.0233 

.0250 

.0267 

.0300 

.0333 

.0383 

.0433 

.0483 

.0617 

.0583 

.0717 

.1083 


Saooessive 

elonisation 

per  inch. 


Jneh. 

.000034 

.000033 

.000017 

.000033 

.060033 

.000034 

.000050 

.000038 

.000050 

.000100 

.000583 

.001367 

.000983 

.000767 

.000983 

.000767 

.001000 

.001483 

.001834 

.002100 

.001838 

.001950 

.001850 

.002150 

.001860 

.0017 

.0017 

.0033 

.0083 

.0050 

.0050 

.0050 

.0084 

.0060 

.0134 

.0366 


Permanent 
set. 


Saoceaslve 

permanent 

set 


Remarks. 


Inch. 


Inch. 


000083 


.000100 


.001833 


.005883 


.000016 


.000017 


.001733 


.004050 


Slastio  limit. 


Micrometer  re- 
mored. 


Ultimate  strength. 

Load   at    time  of 

mpture. 


General  eumrnary. 

Tensile  strength  per  sqaare  Inch  of  original  section pounds..      117,810 

Elastic  limit  per  sqnare  inch  of  original  section do...        72,00O» 

Elongation  per  inch  after  mptnre inch..    0.1833 

Elongation  per  inch  under  strain  at  elastic  limit do...      .  00225(K 

Reduction  in  diameter  at  point  of  ruptare 141 

Redaction  in  area  after  ruptare,  per  centum  of  original  section 43.7 

Position  of  rupture I'MOfrom  neck^ 

Character  of  broken  surface silky,  interspersed  with  fine  granulaiSon. 

Elongation  of  Inch  sections ".08,  ".06, ".  10,  'MO, ".  17  (".27  fractured  section).. 
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No.  306. 

Tension  test. 
Marks  on  bar,  ^-^H 
Length,  3". 
Diameter,  ".564. 
Sectional  area,  .25  square  ibch. 


Applied  loads. 


TotaL 


Pwmdt, 
250 
1,250 
2.600 
3,750 
5,000 
6.250 
7,500 
8,750 
10,000 
10, 250 
10,500 
10,750 
11.000 
11,250 
11,500 
11,760 
12,000 
12,250 
12,500 
12,750 
13,000 
13,250 
13.500 
13,760 
14,000 
li,250 
14,500 
14,750 
15,000 
15,250 
15.500 
15,750 
16,000 
16,250 
16,500 
16,750 
17.000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18.750 
19,000 
19,250 
19,500 
19.750 
20.000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,600 
26,000 
26,500 
27,000 
27,500 


Per  aauare 
inoD. 


Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
.  35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48.000 
49.000 
50.000 
61,000 
52,000 
53,000 
54,000 
55,000 
66,000 
57,000 
56,000 
60,000 
60.000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,400 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90,000 
92,000 
94.000 
96^000 
98,000 
IOC.  000 
102.000 
104,000 
106.000 
108,000 
110,000 


Elonsation 
perinoh. 


Inch. 


0. 


Saccessive 

elongation 

perinoh. 


Permanent 
set. 


.000100 

.000200 

.000333 

.000533 

.000667 

.000867 

.  001000 

.001167 

.001167 

.  001200 

.001283 

.  001267 

. 001300 

.001833 

.001367 

.001400 

.  001433 

.001433 

.001467 

.001500 

.001533 

.001600 

. 001667 

. 001667 

.  001700  . 

.001733  ' 

. 001767 

.001800 

.001867  ' 

.001900  ; 

.001933 

.001067 

. 002000 

.002100 

.002133 

.002133 

.002167 

.002200 

.002200 

.002267  ' 

.0023f)3 

.002767 

.004000 

.004867 

.005833 

.006833 

.  007.500 

.008700 

.010200 

. 011767 

.014033 

.015367 

.017800 

.019367 

.020067 

.024000 

.0258U0 

.029600 

.0317 

.0333 

.0367 

.0438 

.0467 


Inch. 

0* 

.000100 
.000100 
.000133 
.000200 
.000134 
.000200 
.00U133 
.000167 

0. 

.000033 
.000033 
.000034 
.000033 
.000033 
.000034 
.000033 
.000033 

0. 

.000034 
.000033 
.  00.033 
.000067 
.000067 

0. 

.000033 
.000033 
.000084 
.000033 
.000067 
.000033 
.000033 
.000034 
.000033 
.000100 
.000033 

0. 

.000034 
.000033 

0. 

.000067 
.  000066 
.000434 
.001233 
.000867 
.000966 
.001000 
.000667 
.001200 
.001500 
.001567 
.002266 
.001334 
.002433 
.  C01567 
.000700 
.003083 
.001800  I 
.003800  ! 
.0021 
.0016 
.0034 
.0066 
.0034 


Sacoemive 

permanent 

aet. 


Inch. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.000033 


Inch, 


0. 


.000033 


.000033 

"6.*  ' 

.000067 

.000034 

.000067 

0. 

.000100 

.606033" 

.000100    0. 

, 

.  000183    .  000033 

) 

i  

, 

.001700  1   .001567 

1 

.005833 

*".'604i38** 

• 

1 

1 

.•■•••••••••  I..a.  ........ 

Bemarka. 


Initial  load. 


Elastic  limit 


Micrometer    r  e 
moved. 
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Applied  loads. 

EloBgatioii 
per  Inch. 

SQCoeealTe 

elongation 

per  inch. 

Permanent 
set. 

Soocessive 

penninent 

set 

Remarks. 

Total. 

Per  eqiiAre 
isco. 

Paundt, 
28,000 
28,500 
29,000 
29.860 
24,300 

Pounds.         Jneh,           Inch. 
112,000    !      .0688              .0066 
114.000         .Mas            .0100 

^iMa« 

Inch. 

intimate  strength. 
Load  at  time  of 
nxptnre. 

L... ........ 

116,000 
117,440 

.0800 

.1183 

.0167 
.0888 

1 

General  summary. 

Specific  gravity 7.862$ 

Hardness 26151 

Tensile  strengtli  per  square  inch  of  original  section ponnds..      117,400 

Elastic  limit  per  sqnare  incli  of  original  section do...       78,000 

Elongation  per  inch  after  mptare   inch..  0.17 

Elongation  per  inch  nnder  strain  at  elastic  limit do...      .002388 

Bedaction  in  diameter  at  point  of  mptare do...  .164 

EedncUon  in  area  after  mptare,  per  centam  of  original  section 47.2 

Position  of  mptare. » ...1"  from  neck. 

Character  of  broken  surface silky,  interspersed  with  nne  granolafeion. 

Elongation  of  inch  sections ".00,  ".14  (".28  fhwtared  section). 

No.  307. 


Tension  test 


Marks  on  bar,  "•  "• 


4  1. 


Length,  3". 

Diameter,  ".561. 

Sectional  area,  .247  sqnare  inch. 


Applied  loads. 


Total. 


Pounds. 

247 

1,285 

2,470 

3,706 

4,940 

6,175 

7,410 

8,645 

9,880 

10, 127 

10,874 

10,621 

10,868 

11, 115 

11,862 

11.660 

11,866 

12,108 

12,350 

12,597 

12,844 

13,091 

13,888 

18,585 

18.832 

14,079 

14,826 

14, 573 

14,820 

15^067 


Per  sqnare 
incn. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 
40.000 
41,000 
42,000 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
51,000 
52,000 
53.000 
54,000 
55,000 
56,000 
57,000 
58,000 
59.000 
60,000 
61.000 


Elongation 
per  Inch. 

Socceasive 

elongation 

perlnch. 

1 

Permanent 
set 

Sa6cessiTe 

pe^anent 

set. 

Bemarks. 

Inch. 
0. 

.000000 
.000167 
.000300 
.000400 
.000600 
.000700 
.000900 
.000967 
.001067 

•  Inch. 

0. 

.000000 
.000167 
.000133 
.000100 
.000200 
.000100 
.000200 
.000067 
.000100 
.000066 
.000034 
.000033 

Inch, 
0. 

—.000033 
—.000033 
—.000033 
—.000038 
-.000033 
—.000083 
—.000033 
—.000088 

Inch. 
0. 

—.000083 
0. 

0. 
0. 
0. 
0. 
0. 

Initial  load. 

1 

.001133 

.001167 

.001200 

.001233 
.001233 

.000033 
0. 

.000034 

.000033 
0. 

.000083 
0. 

—.000033 

0. 

.001267 

' 

.001300 

.001300 

...... ...... 

.001833 
.001833 

—.000088 

0. 

.001400 

.000077 
.000038 
0. 

.000084 
.000033 
.000033 
.000034 
.000038 

.001433 

.001433 

.001467 
.001500 

— .oooob 

0. 

.001533 

.001567 

.001600 

.001633 
.001667 

.000033 
.000034 

....  ...... 

0. 

.000088 
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Applied  loads. 

Elongation 
per  inch. 

Sncoessive 

elonsation 

perinch. 

Permanent 
set. 

Saccesdye 

permanent 

set 

■■    -                                 1 
Remarka. 

Total 

Per square 
inon. 

PmmdM. 

62.000 

63,000 

64.000 

66,000 

66,000 

67.000 

68.000 

69,000 

70,000 

71,000 

72,000 

78,000 

74,000 

75,000 

76,000 

77,000 

78,000 

79,000 

80,000 

82,000 

84,000 

86.000 

88.000 

90.000 

92.000 

94,000 

96.000 

98.000 

100.000 

102,000 

104.000 

106,000 

108,(00 

110.000 

112,000 

114,000 

U6,000 

118,000 

P<ntndi, 
15,314 
16,561 
15,808 
16,055 
16,802 
16,549 
16,796 
17,043 
17,290 
17.587 
17.784 
18,081 
18,278 
18,525 
18,772 
19, 019 
19,266 
19, 518 
19.760 
20,264 
20,748 
21,242 
21.786 
22,280 
22.724 
28.218 
28,712 
24,206 
24.700 
25.190 
25.688 
26,182 
26.676 
27, 170 
27,064 
28,158 
28,652 
29,146 
24,100 

Inch. 

.001700 

.001733 

.001767 

.001800 

.001867 

.001900 

.001983 

.001967 

.002000 

.002033 

.002067 

.002100 

.002800 

.004800 

.004800 

.005500 

.006567 

.007500 

.008267 

.009807 

.011667 

.  018767 

.015238 

.017333 

.019467 

.021500 

.023467 

.025600 

.028238 

.0333 

.0367 

.0400 

.0433 

.0483 

.0533 

.0667 

.0767 

.1133 

Inch. 

.000088 

.000038 

.000034 

.000033 

.000067 

.000083 

.000083 

.000034 

.000033 

.000033 

.000084 

.000033 

.000200 

.002000 

.000500 

.000700 

.001067 

.000083 

.000767 

.001600 

.001800 

.002100 

.001466 

.002100 

.002184 

.002088 

.001067 

.002033 

.002788 

.005067 

.0034 

.0033 

.0088 

.0050 

.0050 

.0134 

.0100 

.0866 

Inek. 

Inch. 

Elastic  Umit. 

Micrometer  removed. 

Ultimate  strength. 
Load    at  time    of 
rapture. 

0. 

0. 

.000083 

.000033 

.001967 

.001984 

.006483 

.008466 

General  eummary. 

Tensile  strength  per  square  inch  of  original  section pounds..     118, 00<^ 

Elasticlimit  per  souare  inch  of  origins! section do....      73,000 

Elongation  per  incn  after  rupture inch. . .      Oi  1733 

Elongation  per  inch  under  strain  at  elastic  limit do 002100 

Seduction  in  diameter  at  point  of  rupture do....  .141 

Beduction  in  area  after  rupture,  per  centum  of  original  section 43.7 

Position  of  rupture ".95  fh>m  neck. 

Character  of  broken  surface silky,  interspersed  with  fine  granolAtion. 

Elongation  of  inch  sections ".09'M8  (''.  30  firactured  aectiofU. 


STEEL  FROM  TUBE  FOE  8"  B,  L.  RIFLE, 


[From  Midvale  Steel  Works.] 
Explanation  ofmarke  on  apedmena  from  &'  tube. 


B.  T. — Breech  taDgential. 
B.  L. — Breech  loDgitadinal, 
M.  T. — Muzzle  tangential, 
B.  E. — Breech  radial. 
il.  B. — Muzzle  radial, 
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No.  123. 

Tension  test 
Marks  on  bar,  M.  T.  i. 
Length,  3". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Pottffub. 

2M 

1,250 

2,500 

3,760 

6.000 

6,250 

6,600 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

0,000 

0,250 

0.500 

0,750 

10.000 

10.250 

10,500 

10,750 

11,000 

11.250 

11,500 

11,750 

12,000 

12,250 

12,500 

12.750 

18,000 

13,250 

13,500 

18,760 

14,000 

14,250 

14.500 

14,750 

15,000 

16,600 

16,000 

16,500 

17,000 

17,500 

18,000 

18,600 

10,000 

10,500 

20,000 

20,500 

20,600 

18,600 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
20.000 
80,000 
81,000 
32,000 
83,000 
34.000 
35.000 
36.000 
37.000 
38.000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47.000 
48.000 
40.000 
50.000 
61,000 
52.000 
63,000 
64,000 
66.000 
50.000 
67,000 
68.000 
69,000 
60.000 
62.000 
64.000 
66,000 
66,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
82,400 


per  inch.  ""'^^^.^ 


Inch. 
0. 

.000200 
.000438 
.000567 
.000733 
.000900 
.000033 
.000967 
.001070 
.001100 
.  001133 
.001133 
.001200 
.001233 
.001267 
.001267 
.001332 
.001400 
.001433 
.001500 
.001533 
.001567 
.002100 
.004067 
.008900 
.009633 
.010400 
.  011030 
.012267 
.013100 
.014400 
.014900 
.016067 
.017067 
.018767 
.019800 
.020867. 
.022167 
.023833 
.  024667 
.026733 
.030200 
.034233 
.038433 
.042867 
.049067 
.0533 
.0633 
.0733 
.0900 
.1100 
.1733 
.2200 


IfUh. 


.000200 
.000238 
.000134 
.000166 
.000167 
.000038 
.000084 
.000103 
.000030 
.000033 

0. 

.000067 
.000038 
.000034 

0. 

.000066 
.000067 
.000038 
.000067 
.000033 
.000034 
.000533 
.002867 
.003033 
. 001733 
.000767 
.000630 
.001237 
.000833 
.001300 
.000600 
.  001167 
.001000 
.001700 
.001033 
.001067 
.001300 
.001666 
.000834 
.002066 
.003467 
.004U33 
.004200 
.  004434 
.006200 
.004233 
.0100 
.0100 
.0167 
.0200 
.0633 
.0467 


Permjttieni  permanent 
■•*•      •'       set 


Bemarks. 


Ineh. 
0. 
.000000 

.000033 
.000067 
.000100 
.000193 


.000133 


IndL 


.000000 

.000038 
.000034 
.000088 
.000038 


0. 


.000138 


.000283 


.008000 


.000100 


.wnvi 


012434 


.004433 


.017600 


.005177 


024267 


.006667 


.046933 


.021666 


InitUdload. 


ElMtio  limit. 


Micrometer  removed. 


TTltimate  strength. 
Load    at  time    of 
fraotnre. 


.  General  eummary, 

Speoifio  gravity 7.8548 

Hardness 10.98 

Tensile  strength  per  square  inch  of  original  section ponnds..       88.400 

Elasticlimitpersutiare inch  of  original  section  do 41.000 

Xlimgationperincn  after  niptare.. inch..  0.28 

Blongation  per  inch  nnder  strain  at  elastic  limit do...      .001667 

Sednction  in  diameter  at  point  of  mptnre .184 

Bednotion  in  area  after  rupture,  per  centnm  of  original  section 42.0 

Position  of  mptnre ".  65  from  neck*' 

Character  of  broken  sorface dull  spongy,  slightly  granular. 
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No.  124. 

T€nsio7i  t€st. 
Marks  on  bar,  M.  T.  2. 
Length,  3".00. 
Diameter,  .564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


TotoL 


Poundi, 

260 

1.2S0 

2,500 

8,760 

6,000 

0,250 

6,500 

8,760 

7,000 

7.250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,760 

9,000 

0.260 

0,500 

0,750 

10,000 

10,250 

10.600 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12.250 

12,500 

12,750 

13,000 

13.260 

13,600 

18,750 

14,000 

14,250 

14,500 

14,760 

15.000 

15,600 

16.000 

16,500 

17,000 

17,600 

18,000 

18,500 

19,000 

19,500 

20,000 

20,250 

10,300 


Per  square 
inoU. 


Elonntion 
per  Inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
26,000 
27,000 
28.000 
20.000 
30,000 
81,000 
32,000 
83,000 
34,000 
36,000 
36,000 
37,000 
38,000 
39,000 
40.000 
41.000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48.000 
49,000 
60,000 
61,000 
52,000 
53,000 
64,000 
55,000 
56,000 
67.000 
58,000 
50,000 
60,000 
62,000 
64,000 
66.000 
69,000 
70.000 
72.000 
74,000 
76,000 
78.000 
80,000 
81,000 


Inch. 
0. 

.000100 
.000333 
.000433 
.000633 
.000733 
.000733 
.000800 
.000867 
.000900 
.  000033 
.000033 
.001000 
.001033 
.001033 
.001067 
.001067 
.001100 
.001133 
.001200* 
.001283 
.001333  ' 
.001367 
.001800 
.009533 
.010267 
.010733 
.011583 
.  012700 
. 013700 
.015033 
.015667 
.016767 
.018367 
.019700 
.021067 
.021867 
.028267 
.025600 
.026867  I 
.020300 
. 082167 
.096360 
.041533 
.0457CO 
.052400 
.0600 
.0700 
.0833 
.1038 
.1400 
.1700 


dBncceesiye 

elongatioii 

per  Inch. 


.000100 
.000232 
.000100 
.000200 
.000100 

0. 

.000067 
.000067 
.000033 
.000033 

0. 

.000067 
.000033 

.0 
.000034 

.0 

.000033 
.000033 
.000067 
.000033 
.000100 
.000034 
.000433 
.007733 
.000734 
.000466 
.000800 
.001167 
.001000 
.001333 
.000634 
.001100 
.001600 
.001833 
.001367 
.000800 
.001400 
.002833 
.001267 
.002438 
.002867 
.004133 
.005233 
.004167 
.006700 
.007600 
.0100 
.0183 
.0200 
.0367 
.0300 


I 


Permsnent 
set. 


SseoessiTe 

permanent 

set. 


Remarks. 


Inch. 


0. 
0. 
0. 
0. 
0. 


Inch. 


.000033 


Initial  load. 


.000033 


.000033    j    0. 


.000038    I    0. 




.000033 

0. 

..•••. ......1   -  - 

.    .008633 

.008600 

Elastic  limit. 


.013267 


.004634 


.019033 


.005766 


.026900 


.049567 


.007867 


.022667 


Micrometer  remoTed. 


TJltimate  strength. 
Load    at    time     of 
fractare. 


General  summary. 

Tensile  strength  per  square  inch  of  orif^inal  section pounds..       81.000 

Blasticlimit  per  sqaare  inch  of  original  section do 42.060 

Elongation  per  Incn  after  mptnre inch..        0.837 

Elongation  per  inch  under  strain  at  elastic  limit do...    .001987 

Seduction  in  diameter  at  point  of  rupture  do...  004 

Reduction  in  area  after  rupture,  per  centum  of  original  section. 30.8 

Position  of  rupture , 1"  fW>in  ne«k 

Character  of  broken  surface , granular,  radiating  from  dull  spot  at  clroamfsreiice 
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No  126. 

Tefision  test 
Marks  on  bar,  M.  T.,. 
liength,  3''.J)0. 
XMameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


Poundt. 

250 

1,250 

2,500 

8,750 

5,000 

0,250 

0,500 

6.750 

7.000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,750 

0,000 

9,250 

0.500 

0,760 

10,000 

10.250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,750 

14.000 

14,250 

14,500 

14,750 

15,000 

15,500 

16,000 

16.500 

17,000 

17,500 

18,000 

18,500 

19,000 

19,500 

19,780 

17.400 


Per  square 
inch. 


pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38,000 
39.000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47.000 
48,000 
49,000 
50,000 
51.000 
52,000 
53,000 
54.000 
55.000 
56,000 
57,000 
58,000 
59,000 
60,000 
62.000 
64.000 
66,000 
68,000 
70,000 
72.000 
74,000 
76,000 
78.000 
79,120 


Elongation 
per  inch. 


IwA. 


0. 


Saccessiye 

eloneation 

per  iDCh. 


.000062 

.000133 

.000367 

.000467 

.000700 

.000700 

.000733 

.000733 

.000767 

.000767 

.000767 

.000833 

.000900 

.000967 

.  001033 

.001067 

.001100 

.  001183 

.001167  ! 

.001167  I 

.000383  I 

.009967 

.010500 

.  011467 

.012667 

.013100 

.  014267 

.015267  ' 

.016667  ; 

.018000 

.018667  ! 

.019738 

.021100 

.022767  I 

.024000 

.025333  j 

.027367 

.029267  I 

.  030700  , 

.033067 

.037133 

.042167 

.  047133 

.053100 

.060400 

.0733 

.0867 

.1067 

.1300 

.1767 


Inch. 

'".  000067* 
.000066 
.000234 
.000100 
.000233 

0. 
.000033 

0. 
.000034 

0. 

0. 
.000066 
.000067 
.000067 
.000066 
.000034 
.000033 
.0000.13 
.000034 

0. 

.008166 
.000634 
.000533 
.000967 
.001200 
.000433 
.001167 
.001000 
.001400 
.001333 
.000667 
.001066 
. 001367 
.001667 
.001233 
.001333 
.002034 
.001900 
.001433 
.002367 
.004066 
.005034 
.004966 
.005967 
.007300 
.0129 
.0134 
.0200 
.0233 
.0467 


set. 


set. 


Remarks 


Inch.  Inch. 

0.  1 

0.  

— .  000033  — .  000033 

—.000038  0. 


Initial  load. 


—.0000X3 
—.000033 


0. 
0. 


.000033" 


-.000033 


—.000033 


—.000033         0. 


.011067 


016100 


021800 


.030600 


.011100 


Elastic  limit. 


005033 


005700 


.008800 


.  057267         .  026667    ;  Miorometerremoved, 


Ultimate  strenjrth. 
Load  at  time  of  rraot- 
are. 


General  summary. 

Tensile  strength  per  square  inch  of  ori((inal  section ponnds . .  79, 120 

Elastic  limit  per  sqnare  inch  of  original  section do. ...  49, 000 

Elongation  per  inch  after  rnptnre inch  ..       0.26 

Elongation  per  inch  nndw  strain  at  elastic  limit .«. do 001167 

Eednotion  in  diameter  at  point  of  rnptnre do 134 

Kedactionin  area  after  rnptare,  per  centum  of  original  section 42.0 

Position  of  mptu re ".8  from  neck . 

Character  of  broken  surface dnll  spongy,  slightly  granular. 
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No.  114. 

Tension  test 
Marks  on  bar,  B.  T.  1. 
Length,  3". 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Pm-  m  aare 
Incn. 


Pounds. 

250 

1,260 

2,500 

8.750 

5,000 

6,250 

7,500 

8.750 

9,000 

0,250 

0..500 

0,760 

10,000 

10.250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12.500 

12,760 

18.000 

18.250 

18,500 

13,750 

14.000 

14.250 

14.500 

14,750 

15.000 

15.500 

16.000 

16.500 

17,000 

17,600 

18.000 

18,500 

19,000 

19.500 

19. 770 

17,900 


Poundi. 
1,000 
6.000 
10,000 
15,000 
20,000 
25,000 
30,000 
85.000 
86,000 
87,000 
88,000 
.  89,000 
40.000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
61,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
79,080 


Elongation 
I>er  Inch. 


Inch, 
0. 

.000200 
.000888 
.000600 
.000638 
.000800 
.000067 
.001100 
.001283 
.001300 
.001400 
.002700 
.004733 
.006033 
.006800 
.007633 
.008533 
.009400 
.010267 
.011283 
.  012367 
.013300 
.014600 
.015367 
.016333 
.  017583 
.  019567 
.020733 
. 021667 
.  023038 
.025033 
.026400 
.025333 
.032267 
.036067 
.041867 
.046733 
.053167 
.0600 
.0733 
.0900 
.1200 
.1667 


SacoessiTe 

elongation 

per  inch. 


Inch. 


.000200 

.000188 

.000167 

.000133 

.000167 

.000167 

.000133 

.000183 

.000067 

.000100 

.001300 

.002033 

.001300 

.000767 

.000833 

.000900 

.000867 

.000867 

.000966 

.001184 

.000933 

.001300 

.000767 

.000966 

.001200 

.002034 

.001166 

.000984 

.001366 

.002000 

.  001367 

.001033 

.003934 

.003800 

.005800 

.004866 

.006434 

.006833 

.0133 

.0167 

.0300 

.0367 


Permanent 
set. 


Inch. 

0. 

0. 

0. 

0. 

0.- 

0. 

.000038 
.000067 


SnccessiTe 

permanent 

set 


Bemarka. 


Ineh. 


.000088 
.000084 


008533 


.008466 


0C7833 


.004300 


Initial  load. 


Elastic  limit. 


012667 


.004884 


018300 


.005683 


. 026000    .  007700 


.050100 


.024100 


Micrometer    re- 
moTed. 


Ultimate  strengtli. 
Load  at    time    of 
fracture. 


General  summary. 


Bpediio  graritj 7. 

Hardness 12.84 

TensQe  strength  per  square  inch  of  original  section pounds..        79,060 

Elastic  limit  per  sonare  inch  of  originid  section do 88,000 

Elongation  per  incn  after  rupture inch..  a 20 

Elongation  per  inch  under  strain  at  dastio  limit do 001400 

Bednction  in  diameter  at  point  of  rupture do .064 

Bednction  in  area  after  rupture,  per  centum  of  original  section 27.6 

Position  of  rupture ".6  trom  neok. 

Character  of  broken  surface granular  80  per  cent,  radiating  from  a  dull  apot  at  oizaim- 

ference ;  sur&ce  cracks  developed  on  the  stem. 
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JSTo.  121. 

Tension  test 
Marks  on  bar,  B  T  2. 
Length,  3'^ 
Diameter,  '^664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 

250 

1,250 

2,500 

8,750 

6,000 

6.250 

6,600 

6,750 

7,000 

7.250 

7.600 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9,250 

0,500 

9,750 

10,000 

10,250 

10.600 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,600 

12,750 

18,000 

18,250 

18.500 

13,750 

14.000 

14,250 

14,500 

14,750 

16,000 

16,500 

16.000 

16,500 

17,000 

17,500 

18,000 

18,500 

19.000 

19,500 

19,90b 

17,000 


Per  Moare 
inon. 


Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
31.000 
32,000 
83,000 
34,000 
35.000 
86,000 
87,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
61.000 
62,000 
68,000 
64,000 
65,000 
66.000 
67,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
79,600 


Elongation 
per  inch. 


Ineh. 
0. 

.000233 
.000400 
.000533 
.000667 
.000867 
.000867 
.000900 
.000933 
.000967 
.001000 
.001100 
.001183 
.001167 
.001200 
.001233 
.001367 
.001467 
.001700 
.002133 
.004233 
.005867 
.006867 
.007088 
.007988 
.008900 
.009567 
.010500 
.011683 
.012500 
.018733 
.014233 
.015533 
.016800 
.017988 
.019267 
.020333 
.022233 
.024067 
.026400 
.027233 
.080300 
.035267 
.040100 
.045867 
.052233 
.0600 
.0700 
.0867 
.1100 
.1900 


SaccessiTe 
elongation 
per Inch. 


Inch. 


.000233 
.000167 
.000133 
.000184 
.000200 
0. 

.000033 
.000033 
.000034 
.000083 
.000100 
.000083 
.000034 
.000088 
.000033 
.000184 
.000100 
.000283 
.000433 
.002100 
.001184 
.001000 
.  000666 
.000900 
.000967 
.000667 
.000988 
.001133 
.000867 
.001283 
.000500 
.001300 
.001367 
.001138 
.001384 
.001066 
.001900 
.001834 
.001338 
.001833 
.003067 
.004967 
.004833 
.005767 
.006366 
.007767 
.0100 
.0167 
.0233 
.0800 


Permanent 
•et. 


SaoeeMire 

permanent 

set. 


RemM>ks. 


Insh. 

0. 

0. 

.000038 
.000067 
.000100 


.000138 


.000233 


002933 


007800 


.012800 


.017288 


.049238 


Inch. 


.000033 
.000034 
.000033 


000033 


.000100 


.002700 


004367 


.005000 


004AS8 


.oonoo 


.024800 


Initial  load. 


Blaatio  Umit. 


Micrometer  lemoyed. 


TJltimate  strenKth. 
Load  '  at    time    of 
fraotnre. 


General  summary. 


79.600 
86,000 
0.24 

.001233 

.094 


Tensile  strength  per  square  inch  of  original  section ponnds.. 

Elastic  limit  per  sqoare  inch  of  originu  section do... 

Elongation  per  inch  after  mptare inch.. 

Elongation  per  inch  under  strain  at  elastic  limit * do... 

Reduction  in  diameter  at  point  of  rupture do... 

Seduction  in  area  after  rupture,  per  centum  of  original  section 30.8 

Position  of  rupture 2"  from  middle  of  stenL 

Character  of  orokVn  surfsoe granular,  60  per  cent ;  dull  spongy  spot  at  circumference, 

40  per  cent. 
Surface  craoks  dereloped  on  stem.  , 
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No.  122. 

Tmman  test. 
Marks  on  bar,  B  T  3. 
LeDgth,  3". 
'  Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Totel. 


Poundt. 

260 

1,250 

2,600 

8.750 

5,000 

6,260 

0,600 

0,750 

7,000 

7,260 

7,600 

7,750 

8,000 

8,250 

8,600 

8,750 

9,000 

0.250 

0,600 

0,760 

10,000 

10.260 

10.500 

10.750 

11,000 

11.250 

11,500 

11.750 

12.000 

12,250 

12,500 

12,750 

13.000 

18.250 

18,500 

18,750 

14.000 

14,250 

14,500 

14,760 

1^000 

15.500 

16,000 

16,500 

17,000 

17,600 

18,000 

18,500 

19.000 

19,500 

19.900 

17,200 


Per  Miuire 
inoii. 


Pound§. 
1,000 
6,000 
10,000 
16,000 
20,090 
25.000 
26,000 
27,000 
28,000 
29.000 
30,000 
31,000 
32,000 
88,000 
84.000 
36^000 
36,000 
37,000 
38,000 
39,000 
40.000 
41,000 
42.000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
51,000 
52,000 
63,900 
54,000 
55,000 
56,000 
67.000 
68,000 
69,000 
60,000 
02,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
79,600 


Elongation 
per  Inch. 


Ineh. 
0. 

.000238 
.000838 
.000633 
.000633 
.000838 
.000867 
.000900 
.000933 
.000967 
.001000 
.001000 
.001067 
.001133 
.001200 
.001267 
.001367 
.001500 
.001667 
.003300 
.004967 
.005400 
.006667 
.007367 
.008367 
.009067 
.010000 
.010907 
.012038 
.  012933 
.014333 
.014933 
.016267 
.017133 
.018600 
.020000 
.021333 
.023700 
.024067 
.025967 
.027967 
.031633 
.030233 
.040967 
.046733 
.054200 
.0600 
.0733 
.0867 
.1167 
.1800 


SaooesslTe 

elonffation 

per  Inob. 


Inch. 


.000100 
.000200 
.000100 
.000200 
.000034 
.000033 
.000033 
.000034 
.000033 
0. 

.000067 
.  009066 
.000067 
.000067 
.000100 
.000133 
.000167 
.001633 
.001667 
.000438 
.001267 
.000700 
.001000 
.000700 
.000933 
.000967 
.001066 
.000900 
.001400 
.000600 
.001334 
.000866 
.001467 
.001400 
.001338 
.001307 
.001367 
.001900 
.002000 
.003666 
.004600 
.004794 


.0133 
.0134 
.0300 
.0633 


Permanent 
•et.. 


SnooeeaiTe 

permanent 

■et. 


JiMlfc. 


0. 
0. 
0. 
0. 
0. 
0. 


000038 
...  .i... 


000183 


008667 


007600 


012500 


017967 


.026500 


U51267 


Ineh. 


000088 


.000100 


008634 


003933 


004900 


005467 


.007538 


.025797 


Initial  load. 


Slaatio  limit. 


Bested  under  initial 
load  1  hoar. 


Ifiorometer  remored. 


Ultimate  atrengtli. 
Load    at   time    of 
fracture. 


Qeneral  swnmary. 

Tensile  Btreogth  per  square  inch  of  original  section poonda..      79,609 

Elasticlimit  per  souare  inch  of  original  section do 36.000 

Elongation  per  inoa  after  rapture inch..        .0.84 

Elongation  per  inch  nnder  strain  at  elastic  liml t do. . .    .  001267 

Bedactioulu  diameter  at  point  of  rupture do...         .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 818 

PpsiUon  of  rnpture '.5  from  middle  of  stem. 

Character  of  brolceo  surface granular,  60  per  cent. ;  dull,  spongy,  40  per  cent.    Surface  oiacki 

dereloped  on  stem. 
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No,  127. 

^  Tension  test 

Marks  on  bar,  B.  L.  B. 
Length,  3'\ 
Diameter,  '^564. 
Sectional  area,  .25  square  inches. 


Applied  kMids. 


ToUl. 


Poundt, 

250 

1,250 

2.600 

8.750 

6.000 

0,260 

0.500 

0.750 

7.000 

7.250 

7,500 

7,750 

8,000 

8,250 

8,600 

8,750 

8,000 

0.250 

'9,500 

0,7S0 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12.500 

12,750 

18.000 

18,250 

18,500 

13,750 

14,000 

14,250 

14,500 

14,750 

15,000 

16,500 

16,000 

18,500 

17.000 

17.500 

18,000 

18,600 

19,000 

19,500 

19,620 

16,000 


Per  Maare 
Inon. 


Pounda. 
1,000 
6.000 
10,000 
16,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
88.000 
84,000 
86.000 
80. 000 
87,000 
88,000 
80,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46.000 
40,000 
47,000 
48,000 
49,000 
60,000 
61.000 
52,000 
53.000 
54,000 
65,000 
50.000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
78.480 


BlOOfCAtiAlB 

per  inch. 


Ineh. 

0. 

.000188 
.000900 
.000400 
.000683 
.000783 
.000767 
.000833 
.000807 
.000983 
.001000 
.001000 
.001088 
.001067 
.001100 
.001100 
.001188 
.001200 
.001267 
.001833 
.001867 
.001788 
.008100 
.004067 
.006700 
.008083 
.008767 
.010000 
.010633 
.012000 
.018000 
.  014400 
.015333 
.016500 
.017933 
.019367 
.020467 
.021967 
.023700 
.025367 
.027388 
.031267 
.085900 
.041267 
.047667 
.055600 
.0667 
.0883 
.0967 
.1500 
.2000 


Sacoewive 

elong»tioii 

per  iAoh. 


Inek. 


.000138 
.000167 
.000100 
.000233 
.000100 
.000084 
.000066 
.000084 
.000066 
.000067 

0. 

.000083 
.000034 
.000088 

0. 

.000031 
.000067 
.000067 
.000006 
.000034 
.000306 
.001367 
.000967 
.001633 
.002883 
.000734 
.001233 
.000033 
.001867 
.001000 
.001400 
.000933 
.001167 
. 001433 
.001484 
.001100 
.001600 
.001733 
.001667 
.001966 
.008934 
.004633 
.005367 
.006400 
.007933 
.0111 
.0106 
.0134 
.0633 
.0500 


Permaaeiit 
•et 


Inch, 


0. 
0. 
0. 
0. 
0. 
0. 


SnoceMiye 

permanent 

■et 


JKMwA* 


0. 


.000088 


000038 


.000100 


.000067 


Bfnnw^fr 


Initial  load. 


Blasttc  limit. 


.006467 


006367 


.011207 


.017800 


.024888 


.052700 


.004800 


.000088 


.007683 


.027707 


Micrometer  removed. 


Ultimate  strength. 
l^Md    at    time    of 
fracture. 


General  summary, 

TensOe  strength  T>er  square  inch  of  original  section poonds . .    78, 480- 

Elastic  limit '.do  ...    40,000 

Blongatiou  per  inch  after  rapture inch . .        0. 82* 

Elongatlon  per  inch  under  strain  at  elastic  limit do 001867 

Beduotion  in  diameter  at  point  of  rupture do 194 

Reduction  in  area  after  rupture,  per  centum  of  original  section 56. 8 

Position  of  rupture ".5  fh>m  middle  of  stem.. 

Character  of  broken  surfkce silky,  spongy,  cup-shaped  end.. 
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No.  126. 

Tetman  test, 
Marks  on  bar,  B.  L.  T. 
Length,  3''. 
Diameter,  ''.664. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


TotaL 


Pounds. 

250 

1,250 

2.500 

3,750 

6,000 

6,260 

0,600 

8,760 

7.000 

7,250 

7,600 

7,750 

8,0o0 

8^250 

8,500 

8.760 

0,000 

0,250 

0  500 

9,750 

10.000 

10,250 

10.600 

10,760 

11,000 

11,260 

11,600 

U,760 

12,000 

13.250 

12,600 

12,750 

18,000 

18.250 

18,500 

18,760 

14,000 

14.260 

14,500 

14,750 

15,000 

1^500 

16.000 

16,600 

17,000 

17,500 

18,000 

18,500 

19,000 

19,500 

19,070 

16,500 


Per  sqtiare 
incn. 


Poundt. 
1.000 
5,000 
10,000 
15,000 
20.000 
25,000 
26,000 
27.000 
28.000 
20,000 
30.000 
81,000 
32,000 
83,000 
34.000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44.000 
46,000 
46,000 
47.000 
48,000 
49,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66^000 
56,000 
67,000 
68,000 
50,000 
60.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78.000 
79,480 


Elonntton 
perlnob. 


Inch, 
0. 

.000067 
.00C167 
.000300 
.0004<id 
.000600 
.000633 
.000667 
.000700 
.000700 
.000738 
« 000783 
.000767 
.000800 
.000838 
.000867 
.000033 
.000967 
.001000 
.001033 
.001067 
.001067 
.001100 
.001133 
.001138 
.001288 
.006367 
.007567 
.008483 
.009523 
.011067 
.011433 
.012688 
.013967 
.  015100 
.016333 
.017667 
.018900 
.020667 
.0217K7 
.023567 
.027167 
.081833 
.036267 
.042267 
.049033 
.0600 
.0733 
.0900 
.1167 
.1833 


Saooessive 

elonfEation 

per  inch. 


IndL 

0. 

.000067 
.000100 
.000183 
.000188 
.000167 
.000038 
.000084 
.000033 

0. 
.000033 

0. 

.000034 
.000033 
.000083 
.000034 
.000066 
.000084 
.000088 
.000088 
.000084 

0. 

.000088 
.000083 

0. 

.000100 
.004134 
.002200 
.000866 
.001100 
.001584 
.000366 
.001200 
.001884 
.001188 
.001233 
.001334 
.001283 
.001767 
.001100 
.001800 
.003600 
.004166 
.004934 
.006000 
.006766 
.010967 
.0133 
.0167 
.0267 
.0666 


Permanent 
Bet. 


Inch. 

0. 

0. 

0. 

0. 

—.000033 
-^000083 


000083 


—.000083 


000088 


.008800 


.014267 


.021833 


.046067 


Snocesaiye 
permanent 

aet. 


Inch. 


—.000088 
0. 


0. 


.000088 


000M7 


.004967 


007066 


Bemarka. 


Initial  load« 


Slaatto  limit. 


.024784 


Micrometer  remorod. 


Ultimate  strength . 

Load  at   time    of 

fracture. 


General  aummary. 

Tensile  strength  per  square  inch  of  original  section pounds..      70.880 

Elastic  limit  per  square  inch  of  original  section do....      45^006 

Slottgation  per  inch  after  rupture inch  ..        0l367 

Blongation  per  inch  under  strain  at  elastic  limit do.,.    .001288 

Reduction  in  diameter  at  point  of  rupture do...         .104 

Beduotion  in  area  after  rupture,  per  centum  of  original  section 5618 

Position  of  ruptur% "Ifromaeek. 

Charaoter  of  broken  surface lilky,  spongy,  cop-shaped  end. 
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No.  130. 

TenHon  test 


Marks  on  bar,  M.  Ei. 

Length,  3''. 

Diameter,  ''.664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Poundt. 

250 

1,250 

2,500 

3,750 

5,000 

0,250 

6,500 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8.500 

8,750 

9,000 

0,250 

0,500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

13,500 

13,750 

14,000 

14,250 

14,500 

14, 750 

15,000 

15,500 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

19. 000 

19,500 

20,000 

20.500 

18,900 


Elonf^tion 

Peraauarei    P«f*°cl^- 
tnch. 


Pounds.  ' 
1.000  , 
5,000  I 
10,000  I 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38.000 
39.000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53.000 
54,000 
55,000 
66,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 

on.  000 

08,000 
70,000 
72,000 
74,000 
76,000 
78.000 
80,000 
82,000 


Inch. 
0. 

sOOOIOO 
.000200 
.000400 
.000567 
.000767 
.000800 
.000833 
.000867 
.000900 
.000900 
.000033 
.001000 
.101067 
.001100 
.001133 
.001183 
.  001200 
.001233 
.001233 
. 001267 
.001367 
.001467 
.003633 
.007867 
.008433 
.008900 
.009733 
.010900 
.011567 
.012867 
.013467 
.  014733 
.015533 
.016733 
.  017900 
.018867 
.019900 
.021500 
.022800 
.  024200 
. 027500 
.  030700 
.  0:i4833 
.  0392.')3 
.  044667 
.U533 
.0600 
.  071MI 
.083:1 
.0967 
.  1433 


SncoessiTe 

elongfttion 

perlnoh. 


Inch. 

".'oooioo' 

.  ODOIOO 
.000200 
.000167 
.000200 
.000083 
.000038 
.000034 
.000033 

0. 

.000033 
.000067 
.000067 
.000033 
.000033 

0. 

.000067 
.000033 

0. 

.000034 
.000100 
.000100 
.002166 
.004234 
.000566 
.000467 
.000833 
.001167 
.000667 
.001300 
.000600 
.001266 
.000800 
.001200 
.001167 
.000967 
.001033 
.001600 
.  001300 
.  001400 
.0413300 
.  003200 
.004133 
.004400 
.  0t>5434 
.008633 
.0067 
.0100 
.0133 
.0134 
.0466 


Permanent 
set. 


Inch, 
0. 
0. 

-.000033 
-  .000038 
-.000033 
0. 


.000088 


000038 


Saooeasive 

permanent 

setw 


Inch. 


—  .000033 
0. 
0. 
.000038 


.000033 


0. 


Bemarks. 


Initial  load. 


000067  '        .  000034    ElasUo  limit. 


006767 


.010900 


.  015700 


.006700 


004138 


.004800 


.021767 


.006067 


.041633 


.  019766 


Miorometer  removed. 


Ultimate  atrength. 
Load    at    time   of 
fracture. 


General  sumtnary, 

Speoiflo  gravity,  taken  from  inner  end 7.862 

Hardness 18.65 

Tensile  strength  per  square  inch  of  original  section ponnda..      82,000 

Elasticlimit  per  souare  inch  of  orlKinflJ  section  ., do 40,000 

Elongation  per  incD  after  rupture        inch..         0.18 

EIonfEation  per  inch  under  strain  at  elastic  limit do  ..    .001267 

Beduction  in  diameter  at  point  of  rapture do...         .124 

Redaction  in  area  after  rapture,  per  centum  of  original  section 39.2 

Position  of  rupture : "A  from  neck. 

Chanotor  of  broken  surface granular,  60  per  cent;  dull  spongy,  40  per  cent. 
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]Sro.  128. 

i 

Tension  test 
Marks  on  bar,  B.Bi. 
Length,  3''. 
Diameter,  ^'.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 

250 

1,250 

2,500 

3,750 

5,000 

6,250 

6,600 

6,750 

7,000 

7,250 

7,500 

7,750 

8,000 

8,250 

8,500 

8,75D 

9,000 

0,250 

0,500 

9,750 

10,000 

10,250 

10,500 

10,750 

11,000 

11,250 

11,600 

11,750 

12,000 

12,260 

12,500 

12,750 

13,000 

18,250 

13,600 

13,750 

14,000 

14,250 

14.500 

14,760 

15,000 

15.500 

16,000 

16,500 

17,000 

17.600 

18,000 

18.500 

19,000 

10,380 

18.400 


Per  Bonare 
Inon. 


Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
84,000 
86,000 
36,000 
87,000 
38,000 
39,000 
40,000 
41,000 
42,0u0 
43,000 
44,000 
45,000 
46.000 
47.000 
48,000 
^49,000 
60,000 
51,000 
52,000 
53,000 
54,000 
55.000 
56,000 
67,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
77,520 


BloDgatlon 
per  inch. 


0. 

.000167 
.000367 
.000500 
.000667 
.000833 
.000838 
.000900 
.000967 
.001033 
.001067 
.001133 
.001167 
.001200 
.001300 
.001467 
.001667 
.002867 
.003200 
.004300 
.005800 
.006500 
.00750U 
.008367 
.000400 
.010200 
011000 
.012200 
.  018767 
.014600 
.015833 
.017388 
.018767 
.019700 
.021400 
.022700 
.024333 
.026283 
.028506 
.029600 
.032100 
.036200 
.041838 
.047700 
.053500 
.062067 
.0733 
.0933 
.1167 
.1667 


Sncoeuive 

elimgaUon 

perlnoh. 


Jneh. 


.000167 
.000200 
.000133 
.000167 
.000166 
0. 

.000067 
.000067 
.000066 
.000084 
.000066 
.000034 
.000033 
.000100 
.000167 
.000200 
.000700 
.000883 
. 001100 
.001500 
.001800 
.001000 
.000867 
.001033 
.000800 
.000800 
.001200 
.001567 
.000833 
.001233 
.001500 
.001434 
.000938 
.001700 
.001300 
.001633 
.001900 
.002267 
.001100 
.002500 
.004100 
.005633 
.005867 
.005800 
.008567 
.011233 
.0200 
.0234 
.0500 


Permanent 
•et 


Inch, 
0. 

.000083 
.000083 
.000033 
.000033 
.000067 


.000133 


.000367 


V004400 


.008600 


.018833 


.020600 


029667 


.  059167 


SncoeMlTe 
pennanent 

set. 


Inch. 


.000033 
0. 
0. 
0. 

.000084 


.000066 


.000234 


•04033 


.004200 


.005238 


.006767 


Bemarka. 


Initial  load. 


Slaatio  limit. 


.009067 


.029500     Micrometer  removed. 


Ultimate  strength. 
Load   at   time  of 
fraotnre. 


General  summary. 

Specific  firravity,  taken  from  inner  end 7.8557 

HardnoM 11.08 

Tensile  streni^th  per  sqoare  inch  of  orlsinal  section pounds..      77,590 

Elastic  limit  per  sonare  inch  of  original  section do...      83,000 

Elongation  per  incn  after  mptnre inch..         0.20 

Elongation  per  inch  under  strain  at  elastic  limit do...    .001200 

Bedoctionin  diameter  at  point  of  rupture do...         .004 

Bednctlon  in  area  after  rupture,  per  centum  of  original  seotion 30. 8 

Position  of  rupture ''.8ftt>mneck 

Character  of  broken  surface granular,  60  per  cent. ;  dull  spot  at  circumference 

40  per  cent. ;  surface  cracks  developed  on  stem 
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No.  129. 

Tension  test. 
Marks  on  bar,  B.  R^. 
Length,  3". 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Pounds. 

250 

1,250 

2,500 

3,750 

5,000 

6,250 

6,500 

6,750 

7,000 

7,260 

7,600 

7,750 

8,000 

8,250 

8,500 

8,750 

9,000 

9,250 

9.500 

0,750 

10,000 

10,250 

10,600 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12,250 

12.500 

12, 750 

13,000 

13,250 

13,500 

13.750 

14.000 

14,2;.0 

14,500 

14,750 

15,000 

15,500 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

18,980 

17,700 


Per  iiqnare 
incn. 


Poundt. 
1,000 
5,000 
10,000 
15,000 
20, 000 
25,000 
26,000 
27.000 
28,000 
29.000 
30,000 
81.000 
32,000 
33.000 
34,000 
35, 000 
36,000 
37,000 
38,000 
89.000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
62,000 
64.000 
66.000 
68.000 
70,000 
72,000 
74,000 
75,920 


Elongation  5?®**®^?!?  Permanent 
«prTn«h      eloneation         .^^ 
per  inch. 


per  inch. 


Inch, 

0. 

.000267 
.000433 
.000633 
.000800 
.001000 
.001000 
.001067 
.001167 
.001233 
.001300 
.  001333 
.  0014.33 
.  001533 
.001667 
.001767 
.  002100 
.  003700 
.  004767 
.005333 
.006300 
.007033 
.007900 
.008900 
.  010133 
.  011300 
.012300 
.013333 
. 014667 
.  015667 
.017333 
.  017967 
.019667 
.021000 
.022800 
.024267 
.  025733 
.027700 
.030267 
.031367 
.033667 
.038700 
. 044067 
.  050333 
.057667 
.  068000 
.0867 

•  .1100 
.1667 


Sacooftsive  > 
permanent 
Bet. 


Bemarks. 


Ineh. 

.000267' 
.  000166 
.000200 
.000167 
.000200 


0. 


.000067 

.000100 

.  000066 

.000067 

.  000033 

.  UOOIOO 

.000100 

.000134 

. 000100 

.000333 

.001600 

.  001067 

.  000566 

.  004)967 

.000733 

.000867 

. 001000 

.001233 

.001167 

.001000 

.001033 

.001334 

. 001000 

.001666 

.000634 

. 001700 

.001333 

.001800 

.001467 

.001466 

.  001967 

.003567 

.001100 

.002300 

.005033 

.005367 

.006266 

. 007334 

. 010333 

.0187 

.0233 

.0567 


Ineh. 

0. 

0. 

.000033 
.  000100 
.000133 
.000233 


.000333 


.000667 


.005000 


009333 


015000 


.022033 


031133 


064533 


Ineh.   . 


Initial  load. 


.000033 
.000067 
.000083 
.000100 


.000100 


000334 


004333 


Elaatic  limit  (ap- 
proximate) not 
well  defined. 


.004333 


.005667 


.007033 


.009100 


.033400 


Micrometer  removed. 


Ultimate  strength. 
Load  at  time  oinac- 
tare. 


Kaximnm  redaction  in  diameter  was  ".3  from  fracture,  where  it  waa  'M04. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  75,M 

Xlasticlimit  per  square  inch  of  original  section do 35,010 

Blongatlon  per  inch  after  rupture inch . .        0. 217 

Elongation  per  inch  under  strain  at  elastic  limit do .  001?S7 

Beduction  in  diameter  at  point  of  rupture do....  .084 

Reduction  in  area  after  rupture,  per  centum  of  original  section S7.6 

Position  of  rapture ".4  from  middle  of  stea. 

Character  of  broken  surface granular ;  small  dull  spot  at  oircumferenoe ;  anrfaoe  erseU 

developed  on  stem. 
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STEEL  FROM  HOOPS  FOB  8"  B.  L.  BIFLE, 
rFrom  MidTftle  Steel  Worki.] 

No.  292. 


Tendon  test 
Marks  on  bar,  B.  A« — 1. 
Length,  6'^ 
Diameter,  ^^564. 
Sectional  area,  .25  sqaare  inch. 


Applied  loada. 


Total. 


PovtndM. 
250 
1,250 
2,500 
8,790 
5,000 
0^260 
7,600 
8,750 
10,000 
10.260 
10,600 
10,750 
11,000 
11,250 
11,500 
11.750 
12,000 
12.260 
12,600 
12.750 
18,000 
18.260 
13.500 
18,750 
14,000 
14,250 
14.500 
14,750 
15.000 
15,250 
15,500 
15,750 
19,000 
10,250 
10,500 
1&750 
17,000 
17,250 
17.500 
17,750 
18.000 
18.260 
18,500 
18.750 
19,000 
19,250 
10,500 
17,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
28.000 
28,500 
24.000 
24,500 
25,000 


Per  sanare 
IncD. 


Poundt. 
1,000 
5,0vK) 
10.000 
15,000 
^,000 
25.000 
30,000 
35,000 
40.000 
41,000 
42,000 
48,000 
44,000 
45,000 
48.000 
47,000 
48.000 
49,000 
50,000 
51.000 
52,000 
53.000 
54.000 
55,000 
56,000 
67,000 
58,000 
59,000 
00,000 
61,000 
62,000 
63,000 
64,000 
65^000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77.000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90.000 
92.000 
94,000 
96^000 
96,000 
100,000 


Elongation 
per  Inch. 


Inch, 
0. 

.000133 
.000300 
.000467 
.000617 
.000767 
.000083 
.001067 
.001233 
.001233 
.001283 
.001838 
.001367 
.001883 
.001400 
.  001417 
.001450 
.001500 
.001538 
.001588 
. 001617 
.001683 
.001667 
.001700 
.001733 
.001767 
.001800 
.001850 
.001888 
.001917 
.001050 
.001983 
.002017 
.002067 
.002133 
.002183 
.002250 
.002333 
.002600 
.003050 
.003983 
.005433 
.006650 
.  007317 
.008483 
.009250 
.010267 
.011488 
.012233 
.0142 
.0158 
.0175 
.0200 
.0225 
.0250 
.0283 
.0308 
.0842 
.0888 


SacoeMive 

elongation 

per  inch. 


Inch. 

.C00138 
.000167 
.000107 
.000160 
.000150 
.000166 
.000134 
000166 
0. 

.000050 
.000050 
.000034 
.000016 
.000017 
.000017 
.000038 
.000050 
.000083 
.000060 
.000084 
.000016 
.000084 
.000033 
.000038 
.000034 
.000068 
.000050 
.000083 
.000084 
.000083 
.000088 
.000084 
.000060 
.000066 
.000050 
.000067 
.000088 
.000267 
.000450 
.000933 
.001450 
.001217 
.000667 
.  001166 
.000767 
,001017 
.  001216 
.000750 
.001967 
.0016 
.0017 
.0025 
.0025 
.0025 
.1033 
.0025 
.0084 
.0041 


Permanent 
aet. 


Indi, 
0. 

.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 


.000017 


.000017 


.000017 


.000017 


.000067 


.000383 


.004700 


.009200 


SnoceaaiTe 

permanent 

■et. 


Bemarka. 


Ineh. 

".'oooon' 


0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


000060 


.000816 


.004317 


.004500 


Initial  load. 


Blaatio  limit. 


ICicrometer  remored. 
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i 

Applied  loads. 

Eloncatioii 
per  Inch. 

Sacoessive 

eloneation 

per  iDoh. 

Permanent 
set. 

Sncoessive 

permanent 

set. 

TotaL 

1 

1 

Per  BQuare 
incD. 

Remarks. 

'  Pounds. 

26.500 
1    26,000 
1    26,600 
<    27,000 
!    27,320 

21,900 

i 

Pounds. 
102,000 
104,000 
106.000 
108,000 
100,280 

Inch. 
.0433 
.0492 
.0600 
.0733 

Ineh. 
.0050 
.0059 
.0L08 

.013.4 

Ineh. 

Ineh. 

• 

mm                 *•«««■■ 

.0983              .0256 

Ultimate  strength. 
Load  at  time  of  frsc- 

ture. 

General  9ummary. 

Specific  gravity 7.8«3: 

Hardness 21 3e 

Tensile  strength  per  square  inch  of  original  section pounds..     ld9,S{ 

Elastic  Umit do...       64,C* 

Elongation  per  inch  after  rupture inch..     .14 

Elongation  per  inch  under  sn«in  st  elastic  limit do...     .OOr 

Reduction  in  diameter  at  point  of  rupture do —     .174 

Reduction  in  area  after  rupture,  per  centum  of  original  section 52.4 

Position  of  rupture 1 ".Sfrorawck 

Character  of  hroken  surfisoe silky,  interspersed  with  fine  graonlarmetk 

Elongation  of  inch  sections ".09,  ".09,  ".09,  ".11,  ".12  (".84  fraotored  wectm>- 

No.  293. 


Tension  test, 
Marks  on  bar,  B.A.  e — 2. 
Length,  6^'. 
Diameter,  ^^564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 

250 

1,250 

2,500 

3,760 

5.000 

6,250 

7,500 

8,750 

10,000 

10.260 

10,500 

10,760 

11,000 

11,250 

11,500 

11, 750 

12,000 

12,250 

12,600 

12,760 

18,000 

18,250 

18,600 

13,750 

14,000 

14,250 

14.600 

14,750 

15,000 

15,250 


Per  souare 
incn. 


Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
48,000 
44.000 
46,000 
46.000 
47,000 
48,000 
49,000 
60,000 
61,000 
52,000 
63,000 
64.000 
65,000 
56,000 
57,000 
56,000 
60,000 
60,000 
61,000 


Elongation 
per  inch. 


Ineh. 
0. 

.000167 
.000338 
.000483 
.000583 
.000750 
.000917 
.001067 
.001283 
.001250 
.001800 
.001833 
.001883 
.  001400 
.001400 
.001438 
.  001467 
.001500 
.  001617 
.001583 
.001633 
.001650 
.001667 
.001683 
.001750 
.001767 
.001783 
.001800 
.001867 
.001900 


Successive 

elongation 

per  Inch. 


Ineh. 


.000167 
.000166 
.000100 
.000150 
.000167 
.000167 
.000150 
.000166 
.000017 
.000050 
.000033 
.000050 
.000017 

a 

.000033 
.000034 
.000083 
.000017 
.000066 
.000050 
.000017 
.000017 
.000016 

.oooor? 

.000017 
.000016 
.000017 
.000067 
.000088 


Permanent 
set. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch. 


0. 


0. 


0. 


0. 


Successive 

permanent 

set. 


In^ 


Remarks. 


Initial  load. 


J 


-T 

-I 
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Applied  loads. 

Blongatloii 
per Inch. 

SuooeasiTe 

eloDgatton 

per  inoh. 

Permanent 
set. 

SaeoeaaiTe 

permanent 

set 

Bemarks. 

TotaL 

Per  square 
inoQ. 

P«und». 
16,600 
16,750 
16,000 
16.266 
16,600 
16.760 
17,000 
17,260 
17,500 
17.760 
18,000 
18,250 
18,600 
18,750 
19.000 

Poundt, 
62,000 
63.000 
64.000 
65.000 
66.000 
67,000 
68,000 
69,000 
70,000 
71.000 
72.000 
73,000 
74,000 
76,000 
76.000 

Jneh. 

.001960 

.001067 

.002000 

.002050 

.002083 

.002183 

.0022^3 

.002400 

Inch. 
.000050 
.000017 
.000088 
.000050 
.000033 
.000050 
.000100 
OOOIfl? 

AVvVlwa 

Inch. 

Elastio  limit. 
MicrometerremoTed. 

Ultimate  strength. 
Load   at  time  of 

.000017 

.000017 

.  004000          .  001600 
.004983          .000988 
.  006250            Q012fl7 

.001667 

.001660 

.007068 

.008867 

.009100 

.009738 

.010650 

.011817 

.012567 

.013738 

.0150 

.0183 

.0200 

.0225 

.0250 

.0275 

.0308 

.0842 

.0392 

.0483 

.0600 

.0667 

.065a 

.0967 

.000838 

.001284 

.000738 

.000633 

.000917 

.001167 

.000750 

.001166 

.001267 

.0033 

.0017 

.0025 

.0026 

.0026 

.0033 

.0084 

.0060 

.0041 

.0067 

.0067 

.0088 

.0317 

.004666 

19. 260            77. 000 
19,500            78.000 
19. 760            70. 000 

20,000 
20,600 
21,000 
21,600 
22,000 
22,600 
38,000 
28,600 
24,000 
24.600 
26.000 
26,600 
26,600 
26,600 
27,000 
20,800 

80.000 

82.000 

84.000 

86.000 

88,000 

90,000 

92,000 

94.000 

96^000 

96,000 

100.000 

102,000 

104,000 

106,000 

106,000 

.010667 

.004884 

GeKeral  BUfMnary. 

Tensile  strength  per  square  inoh  of  original  section pounds..       108^000 

Elastio  limit  per  square  inch  of  originaTseotion do 67,000 

EloDgatiim  per  inon  after  rupture inch..      0.163 

Elongation  per  inch  under  scain  at  elastio  limit do 002188 

Bedootion  in  diameter  at  point  of  rupture do 194 

Reduction  in  area  after  rupture,  per  centum  of  original  seotion 66.8 

Position  of  rupture 1".2  from  neck 

Character  of  oroken  surface silky,  interntersed  with  fine  granular  metal 

Elongation  of  inch  sections ''.06,  ".09,  ".U.  'Cl8,  .".28  (".28  fractured  section) 
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Applied  loads. 


TotaL 


Perscmare 
inch. 


per  inch.     "^"gS" 


Permaneiit 
set. 


■  Sacoeasive  | 
permanent ' 
set 


Pounds.  ;    PoundM.    !      Inch.  Inch.  Jneh.  Inch. 

27,500  110.000  .0517  .0067         

28.000  112,000    '      .0600  .0083         

28.500    ,      114.000  .0750  .0150         Ultiniate  atrength. 

26,100    I Load  at  time     of 

fracture. 


General  summary, 

Specific  Kravity 7.8615 

Hardnean 2i.  26 

Tensile  atrengtb  per  square  inch  of  orlcinal  section ponnda..      114,009 

Elasticlimit  per  square  inch  of  orig^sl  section do...        65.  OM 

Elongation  per  incn  after  mptnre ineh..     OilOS 

Blougation  perinch  under  strain  at  elastic  limit do...      .002000 

Bednction  in  diameter  at  point  of  mptnre do .104 

Bednction  in  area  after  rupture, per  centum  of  original  section 83.6 

Position  of  rupture l"firoinneck. 

Character  of  broken  surface granular,  small  dnll  spot  ".08  eoeentrie. 

Elongation  of  inch  sections ".07,  ".66,  ".06,  ".06,  ".12  (".25  fractured  aectioo). 


No.  294. 

Tension  test 
Marks  on  bar,  B.  B.3 — 2. 
Len^tb,  6'^ 
Diameter,  '^564. 
Sectional  area,  .25  square  incb. 


Applied  loads. 

Elongation 
per  mch. 

Sncceasive 

elongation 

perinch. 

Permanent 
set 

SnooeaoiTe 

TotaL 

Per  square 
inch. 

permanent 
•et 

Bemarka. 

1 

Pounds. 
250 
1,250 

Pounds. 
1,000 

Insh. 
0. 

Ineh. 

Inch. 
0. 
0. 

a 

0. 

Indi, 

Initial  load. 

5. 000    1     .  ooooia 

.000083 
.000167 
.000150 

2,500    1        10.000    1      .000250 
8,750             15.000     1       .000400 

5,000 
6.250 
7.500 
8,760 
40,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12,760 
13.000 
18,260 
13.600 
13,760 
14,000 
14,260 
14,500 
14,750 
16.000 
16,210 
16,600 
15,750 

20, 000           .  OOOfM? 

.  000167        0. 
.  000166        0. 
.000167    1    0. 
.000150    1    0. 
.  000167    1    0. 

25,000 
30.000 
35,000 
40.000 
41.000 
42.000 
43.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
.     60,000 
51.000 
52,000 
58,000 
54,000 
65.000 
56.000 
57,000 
58,000 
60,000 
60.000 
61,000 
62,000 
68.000 

.000783 
.000900 
.001050 
.  001217 
.  001217 
.001233 
.001283 
.001317 
.001350 
.001388 
.001400 
.001450 
.001483 
.001500 
.001660 
.001583 
.001617 
.001660 
.001688 
.001783 
.001767 
.001800 
.001850 
.001900 
.001967 
.009088 
.002117 

1 

0. 

.000016 
.000050 
.000034 
.000083 
.000088 
.000017 
.000060 
.000033 
.000017 
.000060 
.000083 
.000084 
.000033 
.000033 
.000050 
.000034 
.000038 
.000050 
.000050 
.000067 
.000066 
.000084 

1 

0. 

• 

. 

0. 

.000083 

.000083 

.000060 

.000017 

KiMtio  limit. 

...... ...... 

J 
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Applied  loads. 

Elongation 
per  inch. 

Saccessive 

Permanent 
set 

SuccessiTe 

Remarks. 

• 

Total. 

1 

Per  square 
Incn. 

elongation 
per  Inch. 

permanent 
set 

Poundt. 
16,000 
16,250 
16,500 
16,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,750 
19,000 
10,260 
19.500 
19,760 
20,000 
20,500 
21,000 
21.600 
22,000 

Poundt. 
64,000 
65,000 
66,000 
67,000 
68,000 
68,000 
70.000 
71,000 
72,000 
73,000 
74.000 
76,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
M  000 

Inch. 

.002283 

.002450 

.002717 

.002988 

.003517 

.004100 

.005117 

.005500 

.006250 

.006017 

.006000 

.009000 

.009600. 

.  010167 

.  011133 

.  012100 

.  013100 

.0142 

.0167 

.0163 

.0200 

.0233 

.0260 

.0*/75 

.0308 

.0342 

.0876 

.0408 

.0467 

.0583 

.0700 

.0750 

.1067 

Indi, 

.000166 

.000167 

.000267 

.000266 

.000534 

.000583 

.  001017 

.000383 

.000750 

.000667 

.001083 

.001000 

.000600 

.000667 

.000966 

.000967 

.001000 

.0011 

.0026 

.0016 

.0017 

.0038 

.0017 

.0025 

.0038 

.0034 

.0033 

.0083 

.0050 

.0066 

.0167 

.0060 

.0817 

Inch, 

Inch, 

.000388 

.000333 

.002717 

.002334 

.006267 

.003560 

.010068 

.008816 

Micrometer  lemov  ed« 

1 

1 

Ultimate  strangth. 
Load  at  time  of  itac- 
tore. 

22,500    1        90,000 
23,000            92,000 
23,500            94.000 
24,000            fid  000 

/ 

24.600 
25,000 
25,600 
26,000 
26,600 
27,000 
27.600 
28,000 
26^806 

98,000 
100,000 
102,000 
104,000 
106,000 
106,000 
110,000 
112,000 

Oefieral  iummary. 

Tensile  strength  per  square  inch  of  orisinal  section pounds..    112,000 

Blastio  limit  per  sooare  inch  of  original  section do 61,000 

Elongatiim  per iacn  after  rapture inch...  0.147 

Xlongation  per  inch  under  suain  at  elsstio  limit do 001967 

Seduction  in  diameter  at  point  of  rupture « do 084 

Seduction  in  area  aftw  rupture,  per  centum  of  original  section 27.6 

Position  of  rupture ".SSftomneck. 

Character  of  broken  surface granular,  dull  spot  ".05  eccentric. 

EloQgatim  of  inch  sections 'M&,  'M4,  ".12,  ".12,  ".18  (".22  fractured  section). 


2^o^^  C<4,   e^^JR^ 


Ccr 


SEx35491 


Ccr 


»     I       I 1 1 — r 
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No.  290. 

Tensiati  test. 

IVIarks  on  bar,  B,  d — 1. 
Ijcngth,  6''. 
I>iauiete^  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Poundt. 

250 
1,  250 
2,500 
3,750 
5,000 
6,250 
7,500 
8,750 
10.000 
10,250 
10.500 
10,750 
11.000 
11, 250 
11,500 
11,750 
12.000 
12,  250 
12,500 
12,  750 
13, 000 
13.250 
13.500 
13,750 
14,  COO 
14,250 
14,500 
14,750 
15,000 
15, 250 
15,500 
15,760 
16,000 
16,250 
16,500 
16,  750 
17,000 
17,250 
17,500 
17,750 
18.000 
tS,  250 
18,500 
18,750 
19,000 
19. 250 
10,500 
19, 760  • 
20.000 
20,500 
21, 000 
21,500 
22.000 
22,500 
23,000 
23,500 
24,000 
24.500 
25,000 
25, 500 
26,000 
26,500 
27,000 
27,500 


Per  sqaare 
inch. 


Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
30,000 
85,000 
40,000 
41,000 
42, 000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
49.000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57.000 
58.000 
59,000 
60,000 
61,000 
62,000 
63.000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70, 000 
71,000 
72,000 
73,000 
74,000 
75, 000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92.000 
94.000 
96.000 
98,000 
100,000 
102,000 
104.000 
106,000 
106,000 
110,000 


El«n™tion!|S,^- 
per  inch.  .   p^rW. 


Permanent 
set. 


Saccessive 

permanent 

set. 


Inch. 
3. 

.000150 
.000317 
.000467 
.000583 
.000733 
.000900 
.  001067 
.001233 
.  001250 
.  001288 
.001317 
. 001350 
.  001350 
.001400 
.001417 
.001450 
.  001483  I 
.001517 
.001567  ! 
.  001583 
.  001617 
.001650 
.001683 
.  001733 
. 001750 
. 001783 
.001833 
.001867 
.001900 
.  001917 
.  001950 
.001983 
.002033 
.  002067 
.002100 
.002160 
.002283 
.002633 
. 002933 
.003550 
.004417 
.005317 
.006000 
.006650 
.  0(17050 
.007933  < 
.008560 
.009600 
.0108 
.0126 
.0142 
.0158 
.0175 
.0192 
.0217 
.0233 
.0250 
.0283 
.0308 
.  0325 
.0350 
.0400 
.0442 


Inch. 


.000150 
.000167 
.000150 
.000116 
.000150 
.000167 
.000167 
.000166 
.000017 
.000033 
.000034 
.000033 
0. 
.000050 
.000017 
.  000033 
.000033 
.  000034 
.000050 
.  000016 
.000034 
.000033 
.000033 
.000050 
.000017 
.000033 
.000050 
.000034 
. 000033 
.000017 
.000033 
.000033 
. 000050 
.000034 
.000083 
.000050 
.000133 
.000350 
.000300 
.000617 
.000867 
.000900 
.000688 
.000650 
.000400 
.000883 
.000617 
.  0010.V) 
.0012 
.0017 
.0017 
.0016 
.0017 
.0017 
.0025 
.0016 
.0017 
.0033 
.0025 
.0017 
.0025 
.0050 
.0042 


0. 


Inch. 


.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 
.000017 


Inch. 


.000017 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


1 

i '":: 

i   .  000017 

0. 

1 

i 

.  000017    0. 
............I............ 

1. 

............1 

.000017 

0. 

.000017 

0. 

1 

.000050 

.000033 



.000400 

.000360 

.008317 

.002917 

.006600 

.003283 

1 

::::::::::::;:::::::;:::: 

1 
I--- •• 

Bemarlu. 


Initial  load. 


Blastlclimit. 


lCioroni9tflirrQnioT0d. 
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No.  288. 

Tension  test 
Marks  on  bar,  E.  Cx — 1. 
Length,  6". 
Diameter,  ".564. 
Sectional  area,  .25  squard  inch. 


Applied  loads. 

Elongation 
per  Inch. 

Snccessive 

elonjCHiion 

per  inch. 

Permanent 
set. 

Snccessive 

permanent 

set. 

Total. 

Per  sqiiBre 
in  on. 

Bemarks. 

Pounds. 
250 
1,250 
2,500 
3,750 
6,000 
6,250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,500 
11,750 
12,000 
12,250 
12,500 
12, 750 
13.000 
13.250 
13,600 
13,750 
14,000 
14,250 
14,900 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16,250 
16,500 
16,750 
17,000 
17.250 
17,500 
17,750 
18,000 
18,250 
18,500 
18,750 
19,000 
19,250 
19,500 
19,750 
20,000 
20,500 
21,000 
21,600 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 

Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
40,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
67, 000 
58,000 
59,000 
60,000 
01,000 
62,000 
68,000 
04,000 
06,000  * 
66,000 
67,000 
08,000 
09,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88.000 
90,000 
92,000 
94,000 
96,000 
98,000 
100.000 
102,000 
104,000 
106,000 
108,000 
110,000 

Inch. 
0. 

.  000117 
.000350 
.000500 
.000050 
.000817 
.  001017 
.001117 
.001267 
.001283 
. 001317 
.001350 
. 001383 
.  001417 
.001483 
:  001517 
.  001.'>50 
.  401.'>83 
.  001617 
.  001633 
,  001700 
.  001717 
.001733 
.001750 
.001800 
.001833 
.001867 
.  001917 
.001950 
.001983 
.002017 
.002050 
.002100 
.002183 
.002283 
.002450 
.002733 
.002983 
.003400 
.008867 
.004533 
.005117 
.006033 
.006560 
.007200 
.008033 
.008883 
.009700 
.010607 
.0117 
.0183 
.0107 
.0183 
.0200 
.0225 
.0250 
.0207 
.0283 
.0317 
.0342 
.0376 
.0408 
.0407 
.0500 

Inch. 

""'.'oooin"" 

.000233 

.000150 

.000150 

.000167 

.000200 

.000100 

.000150 

.000016 

.000034 

.000033 

.000038 

.000034 

.000060 

.000034 

.000033 

.000038 

.000034 

.  009010 

.000067 

.000017 

.000016 

.000017 

.000050 

.000033 

.000034 

.000050 

.000033 

.000083 

.000034 

.000033 

.000050 

.000083 

.000100 

.000167 

.000283 

.000250 

.000417 

.000467 

.000060 

.000584 

.000910 

.000517 

.000060 

.000833 

.000860 

.000617 

.000967 

.001033 

.0010 

.0034 

.0010 

.0017 

.0025 

.0025 

.0017 

.0010 

.0034 

.0025 

.0033 

.0033 

.0069 

.0033 

Inch. 
0. 

.000033 
.000100 
.000117 
.000133 
.000150 
.000150 
.000138 
.000133 

Ineh. 

Initial  load. 

.000033 
.000067 
.000017 
.000016 
.000017 

0. 
.000017 

0. 

.000133 

0. 

.000133 

0. 

.000133 

0. 

.000133 

0. 

ElasUo  limit. 

.000200 

.000067 

1 

1 

.001100 

.000900 

1 

.003807 

.002767 

1 

1 

.007700 

.003838 

Hiorometer  re* 
moTod. 

...... 

1 

26,500    , 

27,000 

27,500 

1 
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Applied  loads. 


I 


Total. 


Per  sauare 
inon. 


EloDfcation 
per  inch. 


PoundM.  Pounds. 

28, 000  112, 000 

28,500  114,000 

28.970    '  115,880 
25,800 


.0588 

:o«67 

.0917 


Saccessive 

elongation 

per  inch. 


Permanent 
set. 


Jneh. 
.0083 
.0084 
.0250 


Inch. 


Sacceasive 

permanent 

set 


Inch. 


Remarks. 


Ultimate  strength. 
Load  at  time  offrao- 
ture. 


General  summary. 

Specific  Kravitj 7.86H 

Ilardness 28.70 

Tensile  fttrenfirth  per  aqaare  inch  of  orisinal  section pounds..        115,880 

£lastic  limit  per  sqaare  Inch  of  original  section .^ do  ...         63,000 

Blongation  per  Inch  after  rupture .* inch..      0.10 

Elongation  per  inch  under  strain  at  elastic  limit do 002050 

Reduction  in  diameter  at  point  of  rupture do 114 

Kednction  in  ai-ea  after  rupture,  per  centum  of  original  section 86.4 

Position  of  rupture  ".65  ft^  neck. 

Character  of  broken  surface granular,  radiatine  from  a  dull  spot  at  center  of  fractured  surface. 

Elongation  of  inch  sections ''.07,  ".06,  ".06,  ".07,  ".08  (".26  fhictured  section). 

No.  296. 

Tensian  test. 
Marks  oq  bar,  B.  Gx — 2. 
Length,  3''; 
Diameter,  '^564. 
Sectional  area,  .25  square  inch. 


Applit^  loads. 


TotaL 


Pounds. 

250 

1,250 

2,500 

3,750 

5,000 

6,250 

7,500 

8,750 

10,000 

10,260 

10.500 

10,750 

11,000 

11,250 

11,500 

11,750 

12,000 

12.250 

12,500 

12,750 

13.000 

13.250 

13.500 

13,750 

14,000 

14,250 

14.500 

14,750 

15,000 

15,250 

15,500 


Per  square 
incn. 


Pounds. 
1.000 
5,000 
10,000 
15.000 
20,000 
25.000 
80,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49.000 
50.000 
51,000 
52,000 
53.000 
54,000 
55.000 
56.000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 


Elongation 
per  inch. 


Successive 

elongation 

perlnch. 


Inch, 

0. 

.000133 
.000333 
.000433 
.000667 
.000700 
.000033 
.  001033 
.001233 
.001233 
.001267 
.001300 
.001300 
.001367 
.001400 
.001433 
.001433 
.001467    : 

.001467  ; 

.001500 

.001533 

.001567 

.001600  I 

.  001633 

.001733 

.001767 

.001800  ; 

.'001800  I 
.001833 
.001900 
.001933 


Inch. 


.000133 
.000200 
.000100 
.000234 
.000033 
.000233 
.000100 
.000200 

0. 

.000034 
.000033 

0. 

.000067 
.000083 
.000038 

0. 
.000034 

0. 

.000083  I 
.000033 
.000034 
.000033 
.000033 
.000100 
.000034 
.000033 

0. 

.000033 
.000067 
.090033 


Permanent 
set. 


Jneh, 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Successive 

permanent 

set 


Jneh. 


0. 


0. 


0. 


0. 


Remarks. 


Initial  load. 


8.  Ex.  35- 


26 
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Applied  loads. 


Total. 


Pound*. 
1S,7S0 
16,000 
10,250 
16,600 
16,750 
17,000 
17,250 
17,500 
17, 750 
18,000 
18,250 
18,500 
18,750 
10,000 
10,250 
10,500 
10,750 
20.000 
20,500 
21,000 
21,500 
22,000 
2*^500 
28,000 
23,500 
24,000 
24.500 
25,000 
25,500 
26,000 
26,500 
27.000 
27,500 
28,000 
28,500 
28,620 
24,000 


Per  Bonare 
iocn. 


Pound*. 
63,000 
64,000 
65,000 
66,000 
ff7,000 
03,000 
69,000 
70,00(1 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84.000 
86,000 
88,000 
90,000 
92,000 
94,000 

Hooo 

98,000 
100,000 
102,000 
104,000 
106,000 
108,000 
110, 000 
112,000 
114,000 
114,480 


BloDjcatlon 
per  inch. 


Inch. 

.001067 

.002000 

.002033 

.002233 

.002500 

.003033 

.003667 

.004433 

.005033 

.005667 

.006333 

.007300 

.  008100 

.008800 

.009367 

.010433 

.011067 

.012367 

.014033 

.  015733 

.017833 

.019900 

.022100 

.024100 

.026700 

.029000 

.032100 

.035200 

.038867 

.043033 

.047500 

.051667 

.0567 

.0750 

.0967 

.1167 


SoooeBsive 
eloDfration 
per  inch. 


Inch, 

.000034 

.000033 

.000033 

.000200 

.000267 

.000583 

.000634 

.000766 

.000600 

.000634 

.000666 

.000967 

.000800 

.000700 

.000567 

.001066 

.000634 

.001300 

.001666 

.001700 

.002100 

.002067 

.002200 

.002000 

.002600 

.002300 

.008100 

.003100 

.003167 

.004666 

.004467 

.004167 

.005088 

.0183 

.0217 

.0200 


Permanent 
Bet. 


Inch, 


0. 


.002067 


005367 


SaccesBire 
permanent 
Bet.  ' 


Remarks. 


Inch. 


.002067 


.008300 


000338 


.003966 


ElasUo  limit. 


lAlorometer  remoTed, 


Ultimate  mtremgfh. 
Load  at  tima  ofnao- 
tore. 


General  eummarif, 

TensileBtrengthper  square  inch  of  original  section pounda..       1U,4$I 

Elastic  limit  per  square  inoh  of  original  section do ftW 

Elongation  per  tnou  after  rupture inch..     O-lffT 

Elongation  per  inch  under  strain  at  elastioUmit do 08208 

Reduction  in  diameter  at  point  of  rupture do U< 

Reduction  in  area  after  rupture,  per  centum  of  original  section 38.S 

Position  of  rupture l"fh>iDDeek. 

Chixacter  of  broken  surface granular,  dull  amokyooatK 

Elongation  of  inch  sections ".  09 'M4  (".  27  fraotmed  sectisBs) 
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1^0.  291. 

Tension  test 
Marks  on  bar,  E.  D, — 1. 
Length,  6''. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


PoufuU. 
250 
1,250 
2.500 
8.750 
5,000 
0,250 
7,600 
8,750 
10.000 
10,260 
10,500 
10,750 
11,000 
11,250 
11,600 
11,750 
12,000 
12,250 
12,500 
12.750 
13,000 
18,250 
18,500 
18,750 
14,000 
li,250 
14,500 
14.750 
15,000 
15,250 
15,500 
15,750 
10,000 
16,250 
10,500 
16,750 
17,000 
17,250 
17,500 
17,750 
18,000 
18,250 
18.500 
18,750 
19,000 
19,250 
19,600 
19,750 
20,000 
20,500 
21,000 
21,600 
22,000 
22,500 
23,000 
28,500 
24,000 
24,500 
86,000 
25,500 
26,000 
26^500 
27,000 
27,600 
28,000 


Per  sqnare 
incD. 


Poundt. 
1,000 
5.000 
10,000 
15,000 
20,000 
26,000 
30,000 
35.000 
40.000 
41.000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52.000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67.000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86.000 
88,000 
90.000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106.000 
108,000 
110.000 
112,000 


Elongation 
per  uiob. 


Inch, 

•0. 
.000117 
.000288 
.000450 
.000600 
.000733 
.000900 
.001050 
.001183 
.  001217 
.001267 
.001300 
.001833 
.001367 
.001383 
.001417 
.001450 
.001500 
.001550 
.001567 
.001583 
.001600 
.001638 
.001667 
.  001717 
.001733 
.001767 
.001800 
.001883 
.001888 
. 001917 
.001950 
.001983 
.002017 
.002100 
.002133 
.002167 
.002317 
.002617 
.002700 
.003083 
.003460 
.004038 
.004667 
.005167 
.005583 
.  006117 
.  006817 
.007700 
.0083 
.0100 
.0117 
.0188 
.0142 
.0168 
.0175 
.0192 
.0208 
.0238 
.0250 
.0275 
.0292 
.0826 
.0350 
.0383 


Snoceaaive ! 

elongation  { 

per  inch. 


Inch, 


.000117 
.000166 
.000167 
.000150 
.000188 
.  000167 
.000150 
.000188 
.000034 
.000050 
.000088 
.000033 
.000084 
.000016 
.000084 
.000033 
.000050 
.000050 
.000017 
.000016 
.000017 
.000033 
.000034 
.000050 
.000016 
.000034 
.000088 
.000033 
.000060 
.000034 
.000088 
.000033 
.000084 
.000088 
.000038 
.000084 
.000150 
.000200 
.000188 
.000883 


.000634 

.000500 

.000366 

.000584 

.000700 

.000888 

.0006 

.0017 

.0017 

.0016 

.0009 

.0016 

.0017 

.0017 

.0016 

.0026 

.0017 

.0025 

.0017 

.0088 

.0025 

.0038 


Permanent 
aet. 


Inch. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


0. 


0. 


.000017 


Saeoeaaive 

permanent 

aet. 


Ineh. 


000017 


.000817 


000800 


.002088 


004750 


.001766 


.002667 


Remarka. 


Initial  load. 


Slaatie  limit. 


Micrometer  removed. 
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Applied  loads. 

Blonndon 
per  Inch. 

SnoceeaiTe 

Permanent 
set. 

Saccessive 

Total. 

Per  aqiiare 
Incii. 

elongation 
per  inch. 

permanent 
set. 

Remarks. 

■ 

^Pounda. 
28,500 
29.000 
29.500 
80,000 
30.500 
30,580 
28,100 

Pounds. 
114.000 
116,000 
118,000 
120, 000 

Inch. 
.0417 
.0450 
.0583 

Inch. 

.0034 

.0083 

.0083 

.0084 

.0166 

.0217 

In^ 

Inch. 

» 

« 

122, 000            0783 
122.320    '      .1000 

Ultimate  steenjEth.  * 

Load    at    time   of 

1 

fracture.      « 

General  summary. 


I. 


Specific  gravity 

Hardness S151 

Tensile  strength  per  sqnare  inch  of  original  section pounds..     122,39 

Elastic  limit  per  square  inch  of  original  section do....      68,6Ql 

Elongation  per  incn  after  rupture inch..    0.107 

Elongation  per  inch  under  strain  at  elastic  Umit do 0021C 

Beductionin  diameter  at  point  of  rupture do C94 

Reduction  in  area  after  rupture,  per  centum  of  original  section 30-8 

Position  of  rupture ".6froin«a. 

Character  of  oroken  surfiice  .  granular,  radiating  ftom  a  dull  spot  at  center  of  fractured  smfiot 

Elongation  of  inch  sections ".07,  ".09,  ".09,  ".08,  ".09  (".22  fractured  aectw 


No.  297. 

Tension  test. 

Marks  on  bar,  B.  D, — 2. 

Length,  3". 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Tofl.   ^%X" 


Poundi. 

250 

1.250 

2,500 

3,750 

5,000 

6,250 

7,500 

8,750 

10.000 

10,250 

10,600 

10,750 

11,000 

11,250 

11,500 

11,760 

12,000 

12,250 

12,500 

12,750 

13,000 

13,250 

18,500 

13,750 

14,000 

14,250 

14,500 

14,750 


Pound*. 
1,000 
5.000 
10,000 
15,000 
20.000 
25.000 
30.000 
35,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
60,000 
51,000 
52,000 
53.000 
54.000 
55,000 
56,000 
57,000 
58,000 
59,000 


Elongation 
per  Inch. 


Inch. 
0. 

.000067 
.000267 
.000433 
.000633 
.000767 
.000967 
.001033 
.001283 
.001267 
.001300 
.001333 
.001367 
.001400 
.001400 
.001433 
.001467 
.001500 
.001500 
.001567 
.001600 
.001633 
.001667 
.001700 
.001767 
.001800 
.001838 
.001867 


Successive 

elongation 

per  inch. 


Inch, 


.000067 
.000200 
.000166 
.000200 
.000134 
.000200 
.000066 
.000200 
.000034 
.000033 
.000033 
.000034 
.000033 

0. 

.000033 
.000034 
.000033 

0. 

.000067 
.000033 
.000083 
.000034 
.000038 
.000067 
.000033 
.000033 
.000034 


Permanent 
set. 


Inch. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


0. 


0. 


Successive  : 
permanent 
set.        I 


Remarks. 


Inch. 


Initial  load. 


•••1 

0.'" 
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Applied  loads. 


Total. 


Pwmdi. 
16,000 
1^250 
15,500 
16.750 
16.000 
16,250 
16,600 
16,750 
17,000 
17.250 
17,500 
17,750 
18,000 
18,250 
18.500 
18,750 
19,000 
19,250 
19,500 
19,750 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,600 
24,000 
24,500 
25,000 
25,500 
26,000 
26.500 
27.000 
27,500 
28,000 
28,500 
29,000 
29.500 
30,000 
30,500 
30,850 
27.500 


Per  aaiuffe  | 
incn.      1 


Poundt. 

60.000 

61,000 

62.000 

63,000 

64,000 

65,000 

66,000 

67,000 

68,000 

69,000 

70,000 

71,000 

72,000 

78,000 

74,000 

75,000 

76,000 

77,000 

78,000 

79,000 

80,000 

82,000 

84,000 

86,000 

88,000 

90.000 

92,000 

94,000 

96,000 

98,000 

100.000 

102,000 

104,000 

106,000 

108,000 

110, 000 

112.000 

114,000 

116,000 

118,000 

120,000 

122.000 

123,400 


Elongation 
'  perinoh. 


Inch. 

.001900 

.001933 

.001967 

.002000 

.002033 

.002067 

.002167 

.002200 

.002233 

.002300 

.002600 

.002867 

.•J08400 

.003767 

.004500 

.004867 

.005567 

.005033 

.006600 

.007088 

.007888 

.009267 

.010567 

.012200 

.013583 

.016067 

.016588 

.  017867 

.019533 

.021200 

.023200 

.025100 

.027488 

.029767 

.032100 

.035167 

.038267 

.042600 

.0500 

.0567 

.0633 

.0800 

.1133 


SnocesaiTe 

elonfcation 

per  inoh. 


Inch. 

.000033 

.000033 

.000034 

.000088 

.000088 

.000034 

.000100 

.000083 

.000083 

.000067 

.000300 

.000267 

.000583 

.000867 

.000783 

.000367 

.000700 

.000866 

.000667 

.000483 

.OOOt'OO 

.001434 

.001800 

.001633 

.001383 

.001534 

.001466 

.001334 

.001666 

.001667 

.002000 

.001900 

.002333 

.002334 

.002333 

.003067 

.003100 

.004833 

.0074 

.0067 

.0066 

.0167 

.0333 


Permanent 
set. 


Sncceaaive 

permanent 

set. 


Remarks. 


Inch, 


0. 


.000088 


.000400 


008800 


.005088 


Inch, 


.000038 


.000867 


.001900 


.002788 


Elastic  limit. 


Micrometer  removed. 


Ultiraate  atrenKth. 
Load  at'  time    of 
fracture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..    128,400 

Elastic  limit  per  sanare  inch  of  original  section do  ...      69,000 

Elongation  perincaaftor  rupture inch..         0.15 

Elongation  per  inch  under  strain  at  elastic  limit do...    .002800 

Beduotion  in  diameter  at  point  of  rupture do. . .         .  104 

Beduction  in  area  after  rupture,  per  centum  of  original  sAtion 88.6 

Position  of  rupture "Mttom  neck. 

Character  of  broken  surface granular,  dull  amoky  center. 

Elongation  of  inch  sections ".09 'MS  (".28  fractured  section). 
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WHITWOBTH  STEEL  FROM  TUBE  OF  MANN  GUN. 


jn^o77^-2\zZ>Q.  o/^  f^^cctn^TZy  ^p-vt 


Sb)54«l 
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i 

No.  298. 
Tension  test. 


WiT. 
1. 


Mark  on  bar, 
Ueugth,  2". 
Diameter,  ''.664. 
Sectional  area,  .25  square  inch. 


1 

\         Applied  loads. 


Tofl.    i^"toX" 


250 

1.250 

2,500 

3,750 

5,000 

8,250 

7,500 

8,750 

10,000 

10,250 

10.500 

10,750 

11,000 

11.250 

11.500 

11,750 

12,000 

12,250 

12,500 

12,760  . 

18,000 

13.250 

18,500 

18,750 

14,000 

14,250 

14.600 

14.750 

16,000 

15,250 

I    15,500 

I     15,750 

!  ie.000 

16,250 
10,500 
16,750 
17,000 
17,250 
17,600 
18,000 
18,600 
19,000 
19,500 
20,000 
20,600 
21,000 
21,500 
22,000 
22,500 
23,000 
23.600 
24,000 
24,500 


Poundi. 
1,000 
5.000 
10,000 
15,000 
20,000 
25,000 
30,000 
85,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
50,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67.000 
68,000 
69,000 
70.000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84.000 
8A.O0O 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 


Elonjcation 
per 


igatioi 
'iiioh. 


IncK 


0. 


.000200 

.000400 

.000700 

.000750 

.001000 

.001150 

.001200 

.001400 

.001600 

.001600 

.0015.S0 

.001550 

.001600 

.001600 

.001650 

.001700 

.001750 

.001800 

.001900 

.001950 

.002000 

.002100 

.002200 

.002850 

.002400 

.002560 

.002700 

.002950 

.003200 

.003600 

.004000 

.004750 

.005200 

.006000 

.006600 

.007500 

.008350 

.009500 

.010950 

.013600 

.015250 

.  017150 

.019400 

.021850 

.024400 

.027150 

.030000 

.033550 

.0350 

.0375 

.0450 

.0560 


SocceMtve 

elongation 

per  inch. 


Ineh, 

0. 

.000200 
.000200 
.000300 
.000060 
.000250 
.000160 
.000050 
.000200 
.000100 

0. 
.000050 

0. 
.000050 

0. 

.000050 
.000050 
.000050 
.000050 
.000100 
.000060 
.000050 
.000100 
.000100 
.000160 
.000050 
.000150 
.000150 
.000250 
.000250 
.000400 
.000400 
.000750 
.000450 
.000800 
.000600 
.000900 
.000860 
.001150 
.001450 
.002650 
.001760 
.001900 
.002250 
.002450 
.002550 
.002750 
.002850 
.003550 
.001450 
.0025 
.0075 
.0100 


Permanent 
set 


Snoceeeive 

permanent 

set. 


Inch. 

0. 

0. 

.000050 
.000100 
.000160 
.000150 
.000150 
.000150 
.000150 


Inch. 
0. 

'  *.  oooow" 

.000050 
.000060 

0. 

0. 

0. 

0. 


Remarks. 


Initial  load. 


.  000150        0. 


.000250 


.000450 


.001100 


002060 


006860 


.000100 


Blastio  limit. 


.000900 


000660 


.001860 


.003900 


Micrometer  removed . 
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Applied  loads. 

Elongation 
per  inch. 

Saooeanive 

elonsation 

per  Inch. 

• 

Permanent 
set. 

Saoceasire 

permanent 

set. 

IneK. 

Total. 

Per  sQiiare 
incn. 

Remarks. 

1 

Poundf. 
25,000 
25,500 
26,080 

Pounds. 
100,000 
102.000 
108,020 

Inch. 
.0650 
.  0'!75 
.1200 

Inch. 
.0100 
.0125 
.0425 

Inch. 

1 
1 

' 

Ultimate  strength. 
Load    at    time    of 

23,900 

* 

niptnre. 

General  summary. 

Tensile  strength  per  sqaare  inch  of  original  section ponnds..      103,020 

Elastic  limit  per  square  inch  of  original  section do...        53,000 

Elongation  per  incn  aft«r  ruptnre inch..       0.1^^ 

Elongs tion  per  inch  nnder  strain  at  elastic  1  imi t do . . .         .  0030 

Bednction  in  diameter  at  point  of  mptare 004 

Bedaction  in  area  alter  rupture,  per  centum  of  original  section 80.8 

Position  of  rupture i  inch  (Vom  neck. 

Character  of  broken  surface fine  granular,  silvery  luster,  with  small  dull  spot  at  center. 

No.  299. 
Tension  test 


Mark  on  bar,  ^^'i^- 

Length,  2". 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 


Total.    '^**[„X*" 


Pounds. 

250 

1,250 

2,500 

8,750 

^000 

6,250 

7,500 

8,750 

10,000 

10.250 

10.500 

10,750 

11.000 

11,250 

11,500 

11,750 

12,000 

12,250 

12,500 

12,750 

18,000 

13,250 

13.500 

13.750 

14,000 

14,250 

14,500 

14,750 

15,000 

15,250 

15,500 

1^750 

KKOOO 


Pounds. 
1,000 
.5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
85,000 
40,001 
41,000 
42,000 
48,000 
44,000 
45,000 
40,000 
47.000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,U00 
55,000 
56,000 
57, 000 
58,000 
50,000 
60,000 
61.000 
62,000 
63,000 
64,000 


Elongation 
per  mch. 


Inch. 


0. 


.000100 
.000850 
.000600 
.000700 
.000900 
.001050 
.001250 
.001600 
.001550 
.001600 
.001650 
.001700 
. 001750 
.001800 
.001850 
.001900 
.001950 
.002000 
.002150 
.002250 
.002300 
. 002400 
.002500 
.002700 
.002800 
.002900 
.003050 
.003200 
.008550 
.004050 
.004250 
.005050 


SaccessiTS 

elongation 

per  Inch. 


Permsnent 
set. 


Inek. 

0. 

0. 

0. 

0. 

0. 

0. 

.000050 
.000050 
.000150 


Inch. 
0. . 

.000100 

.000250 

.000250 

.000100 

.000200 

.000150 

.000200 

.000250 

.OOOO.'iO 

.000050  I  

.OOOOJJO  I 

.0000.50  ' 

.000050  I   .000800 

.000050 

.000050 

.000050 

.000050 

.000050 

.000150 

.000100 

.000050 

.000100 

.OOOiOO 

.000200 

.000100 

.000100 

.000150 

.000150 

.000350 
..000500 

.000200 

.000800 


Successive 

permanent 

set. 


Inch. 


0. 


.000050 
0. 
.000100 


Bemarks. 


Initial  load. 


.000350 


.000150 


.000050 


.000750 


.000400 


Elastic  limit 


.001300 


.000550 
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Applied  loftdB. 


Total. 


Poundt. 
ie,250 
ie.fiOO 
ie,750 
17,000 
17,2S0 
17.500 
18,000 
18,500 
19.000 
10.600 
20.000 
20.500 
21.000 
21.500 
22,000 
22,500 
2S,000 
28,500 
24,000 
24,500 
25,000 
25.500 
25.890 
28,800 


Per  aqaare 
inch. 


Paunda, 
65.000 
88.000 
67.000 
88.000 
69.000 
7U.000 
72.000 
74.000 
78,000 
78,000 
80,000 
82.000 
84,000 
86.000 
88,000 
90,000 
92.000 
94.000 
96.000 
98.000 
100.000 
102.000 
102.760 


EloncatioQ 
permch. 


Inch. 

.005709 

.006260 

.006900 

.007950 

.008600 

.009800 

.011300 

.013400 

.015500 

.017650 

.020050 

.022050 

.024800 

.028000 

.081000 

.034800 

.0400 

.0450 

.0500 

.0575 

.0700 

.0850 

.1200 


SaoceesiTo 
elongation 
I>er  inch. 


Jneh. 

.000650 

.000550 

.000650 

.001050 

.000650 

.001200 

.001500 

.002100 

.002100 

.002150 

.002400 

.002000 

.002750 

.003200 

.008000 

.008800 

.0052 

.0050 

.0050 

.0075 

.0125 

.0160 

.0350 


Permanent 
set. 


SncceMive 

permiuient 

set. 


Bemarka. 


1      Inch. 
.003850 

Inch. 
.002060 

1 

.007250 


.003900 


Bested  under  initial 
load  one  hour. 


Miororoeter  re- 
moved. 


Ultimate  atrength. 
Load  at  time  of 
rupture. 


General  summary, 

Speoiflc  gravity 7.8687 

HardneM 24.12 

Tensile  strength  p4%r  square  inch  of  original  section pounda..    102,760 

Elastic  limit  per  square  inch  of  original  section do. . .     -54, 000 

Elongation  per  inch  after  mptare inch..        0.1676 

Elongation  per  inch  under  strain  at  elastic  limit do  . .         .  0024 

Reduction  in  diameter  at  point  of  rupture  do. . .         .  104 

Reduction  in  area  alter  rupture,  per  centum  of  original  section 83.6 

Position  of  rupture iinoh  fh>m  neck. 

Character  of  broken  surface fine  granalar,  silvery  luster ;  dull  spot  at  circumference 

of  the  ruptured  surface. 

No.  300. 

Tension  test 

Mark  on  bar,  ^\'^" 

Length,  2". 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 


Applied  loads. 

Elongation 
permch. 

Total. 

Per  square 
inch. 

Poundt. 

Pounda. 

Inch. 

250 

1,000 

0. 

1,250 

6,000 

.000100 

2.500 

10.000 

.000200 

8,750 

15.000 

.000450 

5.000 

20.000 

.000550 

6,250 

25,000 

.U00600 

7.500 

80,000 

.000800 

8,750 

85.000 

.001000 

10,000 

40,000 

.001200 

10,250 

41,000 

.001250 

10,500 

42.000 

.001300 

10,750 

48.000 

.001300 

SnocessiTe 

elongation 

per  inch. 


Inch, 

0. 

.000100 
.000100 
.000250 
.000100 
.000050 
.000200 
.000200 
.000200 
.000050 
.000050 

0. 


Permanent 

set. 


Suooessive 

permanent 

set 


Inch. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch, 


Remarks. 


0. 


Initial  load. 


410   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


Applied  loads. 


Total. 


Per  sauare 
Inon. 


Poundg. 
11,000 
11,250 
11,600 
11,750 
12,000 
12,250 
12,500 
12,750 
18,000 
13,250 
13.500 
13,750 
14,000 
14,250 
14,500 
14,750 
15,000 
15,250 
15,500 
15,750 
16,000 
16.250 
16.500 
16,750 
17,000 
17,250 
17,500 
18.000 
18.500 
19.000 
19,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
23,500 
24,000 
24,500 
25,000 
25,500 
26,000 
26,500 
26.640 
24,900 


Pound*. 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51,000 
52,000 
58,000 
54,000 
'55,000 
56,000 
57,000 
58,000 
50.000 
00,000 
61,000 
62.000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
7K,000 
80,000 
82.000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
106,560 


Elongation 
per  inch. 


Inch, 

.001850 

.001850 

.001400 

.001400 

.001450 

.001450 

.001600 

.001600 

.001650 

.001700 

.001750 

.0Q1800 

.002000 

.002200 

.002250 

^002350 

.002500 

.002550 

.002750 

.003100 

.003450 

.008900 

.004400 

.005050 

.005900 

.006350 

.006950 

.008550 

.010850 

.013000 

.014350 

.016500 

.018500 

.020850 

.023200 

.025800 

.028750 

.030950 

.034000 

.038250 

.0425 

.0500 

.0600 

.0650 

.0875 

.1225 


Successive 

elongation 

per  inch. 


Inch. 
.000050 

0. 
.000050 

0. 
.000060 

U. 

.000050 
.000100 
.000050 
.000050 
.000050 
.000050 
.000200 
.000200 
.000050 
.000100 
.000150 
.000050 
.000200 
.000350 
.'J00350 
.000350 
.000500 
.000650 
.000850 
.000450 
.000600 
.001600 
.002300 
.002150 
.001350 
.002160 
.002000 
.002350 
.002850 
.002600 
.002050 
.002200 
.003050 
.003350 
.004250 
.0075 
.0100 
.0050 
.0226 
.0350 


Permanent 
set. 


IndL 


0. 


.000060 


Successive 

permanent 

set. 


Ifteh. 


.000050 


.000300 


.000250 


.000700 


.000400 


Bemarks. 


Elastic  Umlt. 


.001800 


.001100 


.005100 


.003800 


Micrometer  removed. 


Ultimate  strength. 
Load    at    time    of 
rapture. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..    lOfli.560 

Elastic  limit  p«r  square  inch  of  original  section do  55.000 

Elongation  per  inch  after  rupture inch..      0.1550 

Elongation  per  inch  under  strain  at  elastic  limit do...       .0018 

Redaction  in  diameter  at  point  of  rupture do...        .084 

Reduction  in  area  after  rupture,  per  centum  of  original  section 27.6 

Position  of  rapture , I  inch  ttom  neck. 

Character  of  oroken  surfiice fine  granular,  silvery  luster  i  dull  spots  near  the  omter. 
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No.  301. 


Tension  test. 
Mark  on  bar,  ^"^J- 
Length,  2". 
Diameter,  /'.'>64. 
Sectional  area,  .25  square  incb. 


Applied  loads. 


Total. 


Foundi. 
2o0 
1.250 
2,600 
8.7SC 
5,000 
6,250 
7,500 
8,750 
10,000 
10,250 
10,500 
10,750 
11,000 
11,250 
11,600 
11,750 
12,000 
12,250 
12,500 
12,750 
18,000 
18,250 
18,500 
18,750 
14,000 
14,250 
14.500 
14,750 
15,000 
16,250 
15,500 
15.750 
18,000 
16.250 
16.500 
16.750 
17,000 
17,250 
17.600 
18,000 
18,500 
19,000 
10,500 
20,000 
20,500 
21,000 
21,500 
22,000 
22,500 
23,000 
28,500 
24,000 
24,500 


Per  Moare 
inch. 


Pound». 
1,000 
6,000 
10,000 
16,000 
20,000 
26,000 
80,000 
85,000 
40,000 
41,000 
42.000 
48.000 
44,000 
45,000 
46^000 
47,000 
4«.000 
49.000 
50.000 
51,000 
62.000 
58.000 
54,000 
56,000 
56,000 
67,000 
68,000 
69,000 
60,000 
61.000 
62,000 
68,000 
64,000 
65.000 
66.000 
67,000 
68,000 
60,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
82,000 
84.000 
86.000 
88.000 
90,000 
92,000 
94,000 
96,000 
98,000 


Blongation 
per  inch. 


SuooesalTe 

eIonj[ation 

per  inch. 


Ineh. 

0, 

.000050 
.000200 
.000800 
.000500 
.000600 
.000800 
.001000 
.001100 
.001100 
..001150 
.001150 
.001200 
.001250 
.001300 
.001350 
.001400 
.001450 
.001500 
.001600 
.001650 
.001700 
.001750 
.001800 
. 002100 
.002250 
.002350 
.002500 
.  003100 
.003500 
.004000 
.004550 
.005450 
.005950 
.006950 
.007650 
.008600 

.ooseso 

.010450 
.  012150 
.014000 
.016250 
.018250 
.020600 
.022600 
.025600 
.028150 
.030700 
.034600 
.038300 
.048200 
.048200 
.0525 


Inch. 

0. 

.000060 
.000160 
.000100 
.000200 
.000100 
.000200. 
.000200 
.000100 

0. 
.000050 

0. 

.000050 
.000060 
.000050 
.000050 
.000050 
.000050 
.000050 
.000100 
.000J50 
.000050 
.000050 
.000050 
.000800 
.000150 
.000100 
.000150 
.000600 
.000400 
.000500 
.000650 
.000900 
.000500  ' 
.001000 
.000600  I 
.001050 
.000750 
.001100 
.001700 
.001850 
.002250 
.002000 
.002350  . 
.002000  ' 
.008000 
.002650  I 
.002550  I 
.003000  ' 
.003700  , 
.004900  : 
.005000  , 
.0043 


Permanent 
net. 


Jfteh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


SaoceMire 

permanent 

Bet 


Remarks. 


Ineh. 


0. 


Initial  load. 


.000100 


.000100 


.000100 


.000300 


0. 


.000200 


.001300 


.001000 


Elastic  limit. 


.003860 

"  .002550" 

. 

;...'.."' 

.007850 

.004000 

1 

* 

1 

Micrometer  removed. 
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Applied  loads. 


I 


TotoL 


Pound*. 
i    2S,000 
■    25.500 
25,060 
23,000 


Persanaro 
inob. 


KloDKatlon  1^,°^^^*^*  Permanent 


Pounds. 
100.000 
102.000 
103. 840 


Inch. 
.0e75 
.0750 
.0800 


Inch. 

.0150 
.0075 
.0050 


Inch. 


Saccessive 

pennanent 

set. 


Inch, 


Bemarka. 


I  Ultimate  BtrenKth. 
j  Load    at    time    of 
rupture. 


General  iummary, 

Speoiflc  grarity 7.i 

Hardness 25^  73 

Tensile  strength  per  square  inch  of  original  section pounds..    103,840 

Elastic  limit  per  square  inch  of  original  section do...      5fi»000 

Elongation  per  inch  after  rupture   inch..      0.1650 

Elongation  per  inch  under  strain  at  elastic  limit do...        .0018 

Reduction  in  diameter  at  point  of  rupture do  ..        .094 

Bednotion  in  area  after  rupture,  per  centum  of  original  section 30.8 

Position  of  rupture       ''70  from  neck. 

Character  of  broken  surface flue  granular,  silvery  luster ;  dull  eenter. 


No.  3<>2. 

Tension  test, 
Mark  on  bar,  ^\^- 
Length,  2". 
Diameter,  ."564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 


Total. 


Poundt. 

250 

1.250 

2,600 

3.760 

5,000 

0,250 

7,600 

8,750 

10.000 

10.250 

10.500 

10,750 

11.000 

11,250 

11.500 

]],750 

12,000 

12,250 

12.600 

12.750 

13,000 

18,250 

13.500 

13,750 

14,000 

14.250 

14.600 

14,750 

15.000 

15,250 

15,500 

15,7.50 

10,000 


Per  sauare 
inon. 


Poundt. 
1,000 
5,000 
10.000 
15.000 
20.000 
26.000 
80,000 
85,000 
40.000 
41.000 
42,000 
43,000 
44.000 
45.000 
40,000 
47,000 
48,000 
49,000 
50,000 
51.000 
52,000 
53,000 
54,000 
56.000 
66.000 
57,000 
58,000 
50,000 
60.000 
61.000 
62.000 
63.000 
64.000 


Elongation 
per  inch. 


Inch. 
0. 

.000050 
.000250 
.000400 
.000600 
.000700 
.000900 
.  OOIO.'M 
.001250 
.001250 
.001300 
.001300 
.001350 
.001400 
.001400 
.001450 
.001500 
.001550 
.001600 
.001750 
.001850 
.001950 
.002200 
.002350 
.002700 
.003200 
.003700 
.004250 
.005000 
.006700 
.006600 
.007100 
.068460 


Successive 

eloniratioD 

per  inch. 


Inch. 

I. 

.000050 

.000200 

.000150 

.000200 

.000100 

.000200 

.000150 

.000200 


Permanent 
set. 


0. 

o! 


0. 


000050  ; 

000050  i 
000050  ' 


.ooooao 

.000090  I 
.000050 
.000050  > 
.000150 
.000100  I 
.000100  I 
.000250 
.000150  , 
.000.150 
.000300 
.000500  I 
.000550 
.000750  ; 
.000700 
.000800  ■ 
.000600  I 
.001350 


Successive 

permanent 

set. 


Remarks. 


I 


Inch, 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch, 


0. 


Initial  load. 


.000060 


.000050 


.000150 


.000100 


.000650 


.000500 


.008000 


.002350 


Elastic  limit. 
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Applied  IcMida. 


I    ToUl. 


Poundt. 
10.250 
10,600 
10,750 
17,000 
17,250 
17,500 
18,000 
18,500 
10,000 
19,500 
20,000 
20,500 
21.000 
21,500 
22.000 
22,500 
23,000 
28.500 
24,000 
24,500 
25,000 
25,070 
22,900 


Per  sqaare 
incii. 


Poundi. 
05,000 
00,000 
07,000 
08,000 
09.000 
70.000 
72,000 
74,000 
70.000 
78,000 
80,000 
82,000 
84,000 
80,000 
88,000 
90.000 
92,000 
94.000 
96.000 
98,000 
100,000 
100,280 


Elooffatiou 
per  ioob. 


Tneh. 
.009000 
.009050 
.010250 
.011050 
.012250 
.013550 
.  015100 
.  017450 
.019800 
.022050 
.024000 
.027050 
.030550 
.033000 
.037100 
.043250 
.047550 
.053560 
.0000 
.0750 
.1000 
.1850 


Saccesfiive 

elongation 

per  inch. 


Inch. 

.000550 

.000050 

.000000 

.001400 

.001400 

.001300 

.001550 

.002350 

.002350 

.002250 

.002550 

.003050 

.002900 

.003050 

.003500 

.000150 

.004300 

.000000 

.000450 

.0150 

.0250 

.0850 


Permanent 
net 


Sncceesive 
permanent 
f     set 


Remarks. 


Inch, 
.000550 


Inch. 
.U08550 


.010850 


.004800 


Micrometer  removed. 


;  Ultimate  itrenxth. 
!  Load    at    time    of 
rupture. 


General  Bummary. 

Tensile  atrength  per  tqaare  inch  of  original  section pounds..    100,280 

Elastic  limit  per  SQuare  inch  of  original  section  do 68.000 

Elongation  perincn  after  rapture inoh..    0.10760 

Elongation  per  inch  under  atraiu  at  elastic  limit do . . .      .  00195 

Beductionin  diameter  at  point  of  rapture do...      .104 

Reduction  in  area  after  rupture,  per  centum  of  original  section 88.0 

Position  of  rupture ".70firom  neck. 

Character  of  broken  surface finegrmnalar,  silvery  luster ;  dull  center. 

No.  303. 


Tension  test, 
Mark  on  bar,  ^g'^ . 
Length,  2". 
Diameter,  ^'.564. 
Sectional  area,  .25  square  inch. 


Applied  loads. 

sqn 
icn 


Total. 


Poundt. 

250 

1,250 

2,500 

8,750 

5,000 

0,250 

7.500 

8,750 

10,000 

10.250 

10,500 

10,750 

11.000 

11.250 

11,500 

11,750 


Per  square 
inc, 


Poundi. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
30,000 
85.000 
40.000 
41,000 
42,000 
43,000 
44.000 
45,000 
40,000 
47,000 


m»«.».4;<«.  Successive 
,i?Rih  rtongatiou 
P**^  *'»*^*'-      perlnch. 


Inch. 
0. 

.000100 
.000250 
.000400 
.000050 
.000800 
.001000 
.001100 
.001300 
.001300 
.001350 
.001400 
.001450 
.001500 
.001550 
.001800 


Inch. 

0. 

.000100 
.000150 
.000150 
. 000250 
.000150 
.000200 
.000100 
.000200 

0. 

.000050 
.000050 
.000050 
.000050 
.000050 
.000050 


Permanent 
set. 


Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Successive 

permanent 

set. 


Remarks. 


0. 


Inch, 


Initial  load. 


.J00050 
.000060 

.000060 
0. 

.000060 

0. 
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Applied  loads. 


ToUl.    ^^'[^X" 


Poundt. 
12,000 
12,250 
12,500 
12,750 
18,000 
18.250 
18,500 
18,750 
14,000 
14,250 
14,500 
14,750 
16,000 
16,250 
15,500 
15,750 

ie,ooo 

18,260 
16.500 
16,750 
17, 000 
17,250 
17,500 
18,000 
18,600 
19,000 
19,500 
20.000 
20,500 
21,000 
21,500 
22,000 
22.600 
23.000 
23,600 
24.000 
24,500 
26,000 
25,110 
23,300 


Elongation 
per  Inch* 


Poundt, 
48,000 
49,000 
50,000 
51,000 
52,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69,000 
60.000 
61,000 
62,000 
63,000 
64,000 
66,000 
66,000 
67,000 
68,000 
09,000 
70,000 
72,000 
74.000 
76.000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100.000 
100,440 


Ifieh. 

.001650 

.001700 

.001750 

.001800 

.001850 

.001900 

.002050 

.002350 

.002650 

.002950 

.003450 

.008950 

.004560 

.000400 

.006950 

.006650 

.007700 

.008350 

.009300 

.009900 

.  011050 

.  011750 

.012900 

.014800 

.016900 

.019000 

.021450 

.023700 

.026450 

.029550 

.032750 

.036460 

.039050 

.045450 

.  061450 

.0600 

.0700 

.0900 

.1150 


SncceitsiTe 

elongation 

perlnch. 


Inch. 

.000050 

.000050 

.000060 

.000050 

.000050 

.000050 

.000150 

.000300 

.000300 

.000300 

.000500 

.000500 

.000600 

.000850 

.000550 

.000700 

.001050 

.000650 

.000950 

.000600 

.001150 

.000700 

.001150 

.001900 

.002100 

.00^100 

.002450 

.002250 

.002750 

.003100 

.003200 

.003700 

.003500 

.005600 

.006000 

.008550 

.0100 

.0200 


Permanent 
set. 


Saccesdve 

permanent  { 

set. 


Bemarks. 


Jndi, 


Inch. 


.000200 


.000600 


.002600 


.006000 


.010250 


000150 


.000400 


.002000 


Elaatio  limit 


.003400 


.004250 


Micrometer  remoTed. 


1 


Ultimate  itrength. 
Load  at    time    of 
mptore.  I 


General  summary. 

Tensile  itrength  per  aqoare  incb  of  original  section ponnda..  100,440 

Elastic  limit  per  square  inch  of  original  section do...    68,006 

Elongation  per  inch  after  mpture inch..    0.1625 

Elongation  per  inch  under  strain  at  elastic  limit do...      .0019 

Bednction  in  diameter  at  point  of  rupture do...      .104 

Badnotionin  area  after  rupture,  per  centum  of  original  section ^. .  tt.6 

Position  of  rupture -. -  —  -• 4  inch  fkwm  neck. 

Character  of  broken  surface fine  granular,  silTeiy  lnster,da]l  center. 
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CAST  IRON  FROM  BREECH  DISK  OF  10"  WIRE-  WO  UND  G  UN, 

[From  South  Boston  Iron  Works.] 

No.  308. 

Tension  test 
Mark  on  bar,  4. 
Length,  2(K'. 
Diameter,  l'M29. 
Sectional  area,  1  sqaare  inch. 


Applied  kMda. 

4 

Per  sooare 
inon. 

Elongation 
permoh. 

SoooesslTe 

elonsation 

per  inch. 

Pennanent 
set. 

Snooessive 

pennanent 

set. 

Remarks. 

TotaL 

PouimU. 

Poufub. 

Inek. 

Inch. 

Inch, 

Inch. 

600 

600 

a 

0. 

0. 

0. 

Initial  load. 

1,000 
2.000 
8,000 
4.000 
5,000 

1,000 
2,000 
8.000 
4,000 
6,000 

.000016 
.000060 
.000110 
.000160 
.000220 

.000015 
1      .000045 
.000050 
.000050 
.000060 

0. 
0. 
0. 
0. 
.000005 

.000005 

0.000 

6.000 

.000260 

.000040 

.000010 

.000005 

7,000 

7,000 

.000810 

.000050 

.000010 

•. 

8,000 

8,000 

.000360 

.000050 

.000010 

0. 

9,000 

9,000 

.000426 

.000065 

.000025 

.000015 

10,000 

10,000 

.000490 

.000065 

.000040 

.000015 

11,000 

11,000 

.000546 

'      .000055 

.000045 

.000005 

12,000 

12,000 

.000610 

.000065 

.000045 

0. 

9 

18,000 

18,000 

.000650 

.000040 

.000055 

.000010 

14,000 

14,000 

.000720 

.000070 

.000060 

.000005 

16,000 

16^000 

.000795 

.000075 

.000065 

.000005 

Elastic  limit. 

16.000 

16,000 

.000870 

.000075 

.000090 

.000025 

17.000 

17,000 

.000945 

.000075 

.000100 

.000010 

18,000 

18,000 

.001035 

.000090 

.000135 

.000035 

18,000 

19,000 

.001126 

.000090 

.000150 

.000015 

20,000 

20,000 

.001225 

.000100 

.000190 

.000040 

21,000 

21,000 

.001820 

.000095 

.000220 

.000030 

22,000 

22,000 

.001445 

. 000125 

.000270 

.000050 

28,000 

28.000 

.001555 

.000110 

.000320 

.000050 

84,000    , 

24.000 

.001710 

.000155 

.000390 

.000070 

26,000 

26,000 

.001880 

.000170 

.000490 

.000100 

26,000    i 

26,000 

.002015 

.000135 

.000550 

.000060 

27,000 

27,000 

.002250 

.000235 

.000695 

.000145 

28,000 

28,000 

.002540 

.000290 

.000900 

.000205 

29,000 

29,000 

.002900 

.00086Q 

.001186 

.000286 

20,120 

20.120 

Ultimate  strengtU. 

Greneral  aummary. 

Tensile  strength  per  square  inch  of  original  section ponnds..       29.120 

Elastic  limit  per  sqaare  inch  of  original  section do  ...       15,000 

Elongation  per  inch  nnder  strain  at  elastic  limit inch..    0.000795 

Posinonof  rupture 2'' from  middle. 

Character  of  broken  surface coarse  granular. 
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K^O.  309. 

Tension  teat 
Mark  on  bar,  5. 
Length,  20". 
Diameter,  FM29. 
Sectional  area,  1  square  inch. 


Applied  loads. 

EloDjEation 
per  inoh. 

1 
Succeasive 

Permanent ; 
set. 

Successive 

Total. 

Per  saaare 
men. 

elongation 
per  inch. 

permanent 
set. 

Bemarks. 

Poundi. 

500 

1,00C 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19.000 

20,000 

21,000 

22,000 

23,000 

24,000 

24,950 

Poundt. 

500 

1,000 

Inch, 
0. 

OAOOIS 

InJh. 
0. 
.000015 

Inch, 
0. 

0. 

Inch. 
0. 

Initial  load. 

2, 000           onooAS 

.  000060        0. 
.000050        0. 
.000045    i    0. 
.000045    •    A 

3,000 

4,000 

5^000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13.000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21.000 

22,000 

28,000 

24,000 

24,950 

.000115 



.000160 
.000205 
.000255 
.000305 
.000350 
.000400 
.000470 
.000520 
.000595 
.000650 
.000730 
.000795 
.000870 
.000950 
.  001035 
.001130 
.001235 
.001335 
.  001450 
. 001575 
.  001730 



.000050 
.000050 
.000045 
.000050 

1      .000070 

i      .000050 
.000075 
.000055 

!      .000080 
.000065 
.000075 
.000080 
.000085 
.000095 
.000005 
.000100 

1      .000115 
.000125 
.000155 

0. 
0. 

.*>■•  ••>«■* 

, 

0. 

.000005 
.000010 
.000020 
.000040 
.000045 
.000050 
.000060 
.000080 
.000100 
.000130 
.000140 
.000185 
.000215 
.000266 
.000325 
.000406 

.000005 
.000005 
.000010 
.000020 
.000005 
.000005 
.000010 
.000020 
.000020 
.000030 
.000010 
.000045 
.000080 
.000050 
.000060 
.000080 

t 

4 

Elastio  limit. 
Ultimate  strength. 

1 

General  summary. 


Specific  gravity 

Hardness 

Tensile  strength  per  sqaare  inch  of  original  section, 

Elastic  limit  per  sqnare  inch  of  original  section 

Elongation  per  inch  under  strain  at  elastic  limit 

Position  of  rupture 

Character  of  broken  surface 


.pounds. 
— do... 
.....inch. 


7.27« 

15l74 

24,950 

16,000 

0LO00795 


.1  inoh  ttauk  neck. 
..coarse  granuUr. 
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No.  363.  * 

Oampressioin  test 
Mark  on  bar,  6. 
Length,  12''. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 


Applied  loede. 

CompreB- 

■Ion  per 

inch. 

BnoceesiTe 

oompree- 

■Ion  per 

inon. 

Permanent 
■et. 

• 

SaccewriTe 

permanent 

set 

Bemarka. 

ToteL 

Per  square 
inon. 

Fotmdi, 

Pounda. 

Jneh. 

^mwwVWw% 

Inch. 

JfUh. 

500 

500 

0. 

0. 

0. 

0. 

Initial  load. 

1.000 

LOOO 

.000080 

.Qiposo 
.oibooo 

0. 

2,000 
8,000 

^*f  ^  w  w 

2,000 
8,000 

.000090 

0. 

.000130 

.000040 

0. 

4,000 

4.000 

.000190 

.000060 

0. 

5,000 

5,000 

.000280 

.000040 

0. 

0,000 

6,000 

.000270 

.000040 

0. 

7.000 

7,000 

.000880 

.000060 

.000020 

"*.' 000020*' 

8,000 

8,000 

.000390 

.000060 

.000080 

JXXMIO 

0.000 

9,000 

.000430 

.000040 

.000040 

.000010 

10.000 

10,000 

.000480 

.000050 

.000040 

0. 

11,000 

11,000 

.000540 

.000060 

.000060 

.000010 

12,000 

12,000 

.000500 

.000050 

.000060 

.000010 

18.000 

13,000 

.000640 

.000050 

.000070 

.000010 

14,000 

14,000 

.000700 

.000060 

.000080 

.000010 

15,000 

15,000 

.000760 

.000060 

.000100 

.000020 

16,000 

16.000 

.000820 

.000060 

.000100 

0. 

17,000 

17,000 

.000860 

.000040 

.000100 

0. 

18.000 

18.000 

.000940 

.000080 

.000100 

0. 

19,000 

10,000 

.000990 

.000050 

.000110 

.000010 

20,000 

20,000 

.001060 

.000070 

.000130 

.000020 

21,000 

21,000 

.001130 

.000070 

.000140 

.000010 

22,000 

22,000 

.001200 

.000070 

.000170 

.000030 

28,000 

23,000 

.001260 

.000060 

.000180 

.000010 

24.000 

24,000 

.001320 

0U0060 

.000190 

.000010 

25,000 

25,000 

.  001430 

.000110 

.000230 

.000040 

26,000 

26,000 

.001490 

.000060 

.000240 

.000010 

27.000 

27,000 

.001580 

.000090 

.000280 

.000040 

28.000 

28,000 

.001680 

.000100 

.000300 

.000020 

20,000 

29,000 

.  001740 

.000060 

.000330 

.000030 

Perceptible  deflec- 

80,000 

80,000 

.001860 

. 000120 

.000430 

.000100 

tion. 

31,000 

31,000 

.001990 

.  00013C 

.000480 

.000060 

82,000 

32,000 

.002130 

.000140 

.000550 

. 000070 

33.000 

88,000 

.002280 

.000150 

.000640 

.000090 

84,000 

84,000 

.002460 

.000180 

.000780 

.  000140 

85,000 

85,000 

.002630 

.000170 

.000880 

.000100 

36,000 

86.000 

.002890 

.000260 

.001100 

.000120 

87,030 

87,000 

.  oosno 

.000260 

.  001320 

.000220 

88,000 

38,000 

.003450 

.000800 

.001550 

.000230 

89,000 

30,000 

.003790 

.000840 

.001880 

.000830 

40,000 

40,000 

.004100 

.000310 

.  002100 

.000220 

52,850 

52,850 

Failed  by  triple  flexure. 

Fracture  started  at  the  middle  on  the  tension  side  when  the  deflec- 
tion reached  ".42. 

S.  Ex.  36 ^27 
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K^O.  362. 

Compression  test 
Marks  on  bar,  7. 
Length,  12". 
Diameter,  rM29. 
Sectional  area,  1  square  inch. 


Applied  loads. 

Compres- 
sion per 
incn. 

Inch. 

Suocessive 

1 
Saooee-  i 

Total. 
Pounds. 

Per  sanare 
iocn. 

Poundt. 

compres- 
sion per 
inon. 

Permanent , 
Set.       ' 

Inch. 

sire  per- , 
manent  , 
set. 

JnOi. 

Remarks. 

Inch. 

500 

500 

0. 

0. 

0. 

0. 

Initial  load. 

1,000 
2,000 

1,000 

.000030 

.000080 

!!• 

2,000 

.000090 

.000060 

3,000 
4.000 

3,000 
4,000 

.000130 

.000040 

0. 

.000190 

.000060 

0. 



5,000 
0,000 

5,000 
6,000 
7,000 
8,000 

.000230 

.000040 

0. 

.000290 

.000060 

0. 



7,000 
8,000 

.000830 

.000040 

0. 



.090800 

.000060 

.000030 

.'ooooso" 

9,000 

9.000 

.000430 

.000040 

.000030 

0. 

10.000 

10.000 

.000500 

.000070 

.000040 

.000010 

11,000 

11,000 

.000550 

.000050 

.000050 

.OOOOlo 

12,000 

12,000 

.000600 

.000050 

.000070 

.000020 

13,000 

13,000 

.000680 

.000080 

.000080 

.000010 

14,000 

14,000 

.000710 

.000080 

.000090 

.000010 

15,000 

15.000 

.000770 

.000060 

.  000100 

.000010 

16,000 

16.000 

.000840 

.000070 

.000100 

0. 

17,000 

17,000 

.000900 

.000060 

.000100 

0. 

18,000 

18,000 

.000980 

.000080 

.000110 

.000010 

10.000 

19,000 

.001040 

.000060 

.000120 

.000010 

20,000 

20,000 

.001100 

.000060 

.000130 

.000010 

21.000 

21,000 

.001180 

.000080 

.000150 

.000020 

22,000 

22,000 

.001i40 

.000060 

.000180 

.000080 

] 

28,000 

28,000 

.001320    , 

.000080 

.000190 

.000010 

1 

1 

24.000 

24,000 

.001390 

.000070 

.000200 

.000010 

1 

25,000 

25,000 

.001480 

.000090 

.000240 

.000040 

Perceptible  deflec- 

26,000 

26,000 

. 001570 

.000090 

.000290 

.000050 

tion. 

27,000 

27.000 

.001650 

.000080 

.  000310 

.000020 

28,000 

28.000 

.001750 

.000100 

.000380 

.000070 

29,000 

29,000 

.001860 

.000110 

.000410 

.000030 

30,000 

90,000 

.  001970 

.000110 

.000490 

.000080 

81.0U0 

31,000 

.002110 

.  000140 

.000580 

.000090 

4 

82,000 

82,000 

.002290 

.000180 

.000680 

.000100 

33,000 

83,000 

.002440 

.000160 

.000790 

.000110 

84,000 

34,000 

.002640 

.000200 

.000980 

.000140 

35,000 

35,000 

.002930 

.000290 

.001150 

.000220 

36,000 

86. 000 

.003130 

.  000200 

.001330 

.000180 

37,000 

37,000 

.008460 

.000330 

.001600 

.000270 

38,000 

38.000 

.003780 

.000320 

.001860 

.000260 

89,000 

39,000 

.004150 

.000370 

.002180 

.000320 

40,000 

40,000 

.004540 

.000890 

.002530 

.000350 

lUorometer  removed. 

52, 140 

52,140 



Ultimate  strenfcth. 

1 

*'*" *  i'       ------ 

1 

Failed  by  triple  flexure. 


TESTS   OF   IRON   AND   STEEL   ADD   OTHER   MATERIALS.      419 

No.  364. 

Compression  test. 
Mark  on  bar,  8. 
Length,  12''. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 


Applii 

Total. 

1 

1 

Pounds. 

»dloada. 

PersqiiAre 
incn. 

Pounds. 

Compree* 

sionper 

inon. 

SaooesBire 

oompres* 

aion  per 

inch. 

-  - 
Inch. 

Permanent 
set 

— - 
Inch. 

SnoceMiye 

permanent 

set. 

Ineh. 

Remarks. 

Inch. 

500 

500 

0. 

0. 

0. 

0. 

Initial  load. 

1,000 
2,000 

1,000 
2,000 

.000030 
.000090 

.000080 
.000060 

0. 
0. 

^py     -www 

8.000 

8.000 

.000180 

.000040 

0. 

4,000 

4,000 

.000170 

.000040 

0. 

5,000 

5.000 

.000280 

.000060 

0. 

6,000 

6,000 

.000270 

.000040 

0. 

«»«•••  •■«••• 

7.000 

7,000 

.000320   . 

.000050 

0. 

>•••«•••«••• 

•«■■•■•■•*•• 

8,000 

8.000 

.000360 

.000040 

0. 

9,000 

1^       WW-— 

9,000 

.000410 

.     .000050 

0. 

_^^^ 

10,000 

10,000 

.000470 

.000060 

.000030 

'".ooooio"' 

11.000 

11,000 

.000510 

.000040 

.000040 

.000010 

13,000 

12,000 

.000570 

.000060 

.000050 

.000010 

18.000 

13.000 

.000680 

.000060 

.000060 

.000010 

14.000 

14.000 

.000670 

.000040 

.000060 

0. 

15.000 

15,000 

.000720 

.000050 

.000070 

.000010 

16,000 

16^000 

.000770 

.000050 

.000080 

.000010 

17,000 

17.000 

.000830 

.000060 

.000090 

.000010 

18.000 

18,000 

.000870 

.000040 

.000090 

0. 

18.000 

19^000 

.000970 

.000100 

.000100 

.000010 

20,000 

20.000 

.001080 

.000060 

.000110 

.000010 

21,000 

21,000 

.001070 

.000040 

.000110 

0. 

22,000 

22,000 

.001150 

.000080 

.000180 

.000020 

28.000 

23.000 

.001200 

.000050 

.000140 

.000010 

34.000 

24,000 

.001270 

.000070 

.000160 

.000020 

25,000 

26.000 

.001330 

.000060 

.000170 

.000010 

26,000 

26,000 

.001480 

.000100 

.000190 

.000U2O 

27.000 

27,000 

.  001470 

.000040 

.000200 

.000010 

28.000 

28,000 

.001560 

.000080 

.000230 

.000030 

20,000 

29,000 

.001680 

.000080 

.000250 

.000020 

30,000 

30,000 

.001730 

.000100 

.000270 

.000020 

81.000 

81,000 

.  001770 

.000040 

.000310 

.000040 

Perceptible   deflec- 

32,000 

32.000 

.001870 

.000100 

.000360 

.000050 

tion. 

33.000 

33.000 

.001970 

.000100 

.000400 

.000040 

34.000 

1        34,000 

.002130 

.000160 

.000460 

.000060 

35,000 

86,000 

.002280 

.000100 

.000520 

.000060 

86.000 

36,000 

.002360 

.  000180 

.000600 

.000080 

87,000 

37,000 

.002470 

.000110 

.000690 

.000090 

88,000 

38.000 

.002630 

.000160 

.000770 

.000080 

39,000 

,        39,000 

.002830 

.000200 

.000950 

.000180 

40,000 

'        40,000 

.003030 

.000200 

.001100 

.000150 

' 

56.660 

!        55,690 

Ultimate  strength. 

Failed  by  triple  flexure. 
•  Fractures  started  on  tension  side  when  middle  deflection  reached  ''.43. 


420       TESTS   OF   IRON   AND   STEEL   AND   OTHER   MATERIALS. 

No.  365. 

CompreaHon  test. 
Mark  on  bar,  10. 
Length,  ir'.66. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch.  * 


Applied  loads. 

Compres- 
sion per 
inch. 

SocoessiTe 

comvres* 

sionper 

inon. 

Permanent 
set. 

SuccessiTe 

permanent 

set. 

Bemarka. 

Total. 

Per  square 
inon. 

PoufuU. 

Pounda, 

Inch. 

Ineh. 

Inch. 

Inch, 

500 

600 

0. 

0. 

0. 

0. 

Initial  load. 

1,000 

1,000 

.000018 

.000018 

0. 

2,000 

2,000 

.000036 

.000018 

0. 

3,000 
4,000 

3,000 
4,000 

.000072 
.000109 

.000036 
.000037 

0. 
0. 

6,000 

6,000 

.000164 

.000056 

0. 

6,000 

6,000 

.000217 

.000053 

0. 

7,000 

7,000 

.000273 

.000056 

0. 

8,000 

8,000 

.000309 

.000036 

0. 

9,000 

9,000 

.000845 

.000036 

0. 

10.000 

10,000 

.000381 

.000036 

.000018 

.oooois 

11,000 

11,000 

.000453 

.000072 

.000018 

0. 

12,000 

12,000 

.000489 

.000036 

.000036 

.000018 

13,000 

18,000 

.000525 

.000036 

.000036 

0. 

14,000 

14,000 

.000561 

.000036 

.000036 

0. 

15,000 

15.000 

.000670 

.000109 

.000054 

.000019 

18,000 

16,000 

.000688 

.000018 

.000054 

0. 

17,000 

17.000 

.000746 

.000058 

.000072 

.000018 

18,000 

18,00U 

.000800 

.000054 

.000091 

.000019 

19,000 

19,000 

.000855 

.000055 

.000109 

.000018 

20,000 

20,000 

.000801 

.000036 

.000127 

.000018 

21,000 

21,000 

.  00096.1 

.000072 

.000127 

0. 

22,000 

22,000 

.  001036 

. 000072 

.000127 

0. 

23,000 

23,000 

.  001071 

.000036 

.000127 

0. 

24,000 

24,000 

.  001143 

.000072 

.000145 

.000018 

25,000 

25.000 

.  001215 

.000072 

.000145 

0. 

26.000 

26,000 

.001287 

.000072 

.000163 

.000018 

27,000 

27,000 

.001359 

.000072 

.000181 

.000018 

28,000 

28,000 

.001431 

.000072 

.  000217 

.000036 

29,000 

20,000 

.001467 

.000036 

.000235 

.000018 

80,000 

30.000 

.001594 

.000127 

.  000-J53 

.000018 

Perceptible  deflec- 

31.000 

31,000 

.001727 

.000133 

.000307 

.000054 

tion. 

32,000 

32,000 

.001799 

.000072 

.000343 

.000036 

33,000 

83.000 

.001891 

.000092 

.000415 

.00007.J 

34,000 

34,000 

.001981 

.000090 

.000469 

.000054 

35,000 

35.000 

.002127 

.  000146 

.OOO-Hl 

.000072 

• 

86,000 

36.000 

.002345 

.000218 

.000670 

.000129 

37,000 

37,000 

.002490 

.000145 

.000779 

.000109   • 

38,000 

38,000 

.002672 

.000182 

.000906 

.000127 

39,000 

39,000 

.003000 

.000328 

.001143 

.000237 

40,000 

40,000 

.003290 

.000290 

.001359 

.000216 

Micrometer  removed. 

61,900 

61,900 

■ 

mtimate  strength. 

Failed  by  triple  flexure. 

Oracks  developed  on  the  tension  side,  when  the  middle  deflection 
reached  ^^38. 


TESTS   OF   IRON   AND   ST£EL    AND   OTHER   MATERIALS.      421 

No.  366. 

Oompres8ian  test, 
Mark  on  bar,  11. 
Length,  11^'.66. 
Diameter,  1^M29. 
Sectional  area,  1  square  inch. 


Applied  loads. 

Comprea- 

aionper 

inch. 

SucoeMlTe 

comprea* 

aionper 

incb. 

Permanent 
set. 

Snooeasiye 

permanent 

aet. 

InOi, 

Bemarlu. 

Total. 

Per  wmare 
inon. 

Pounds 

Pounds. 

Inch, 

Jnek. 

Inch. 

900 

500 

0. 

0. 

0. 

0. 

Initial  load. 

1,000 

1,000 

.000018 

.000018 

a 

2.000 

2,000 
8,000 

.000036 
.000072 

.000018 
.000036 

0. 
0. 

8,000 



4,000 

4,000 

.000109 

.000037 

0. 

5^000 

5,000 

.060148 

.000086 

.000018 

"'.'oiooii" 

•,000 

6,000 

.000217 

.000072 

.000018 

0. 

7,000 

7,000 

.000253 

.000086 

.000018 

0. 

8,000 

8,000 

.000289 

.000086 

.000018 

0. 

9^000 

9,000 

.000825 

.000066 

.000018 

0. 

10,000 

10,000 

.000361 

.000036 

.000018 

0. 

11,000 

11.000 

.000415 

.000054 

.000036 

.000018 

12,000 

12.000 

.000453 

.000038 

.000036 

0. 

18,000 

18,000 

.000625 

.000072 

.000036 

a 

14,000 

14.000 
15,000 

.000561 

.000086 

.000036 

0. 

16,000 

.000597 

.000036 

.000086 

0. 

18,000 

16,000 

.000651 

.000054 

.000054 

.000018 

17,000 

17.000 

.000705 

.000054 

.000054 

0. 

18,000 

18.000 

.000750 

.000054 

.000054 

0. 

19,000 

19,000 

.000831 

.000072 

.000072 

.000018 

20,000 

20.000 

.000035 

.000104 

.000072 

0. 

21,000 

21,000 

.000971 

.000036 

.000072 

0. 

22,000 

22,000 

.001026 

.000054 

.000072 

0. 

28.000 

23,000 

.001071 

.000046 

.000091 

.000019 

24,000 

24,000 

.001107 

.000036 

.600109 

.000018 

25,000 

25,000 

.001161 

.000054 

.000127 

.000018 

26,000 

26,000 

.001238 

.000072 

.000168 

.000086 

27.000 

27,000 

.001805 

.000072 

.000181 

.000018 

28,000 

28,000 

.001359 

.000054 

.000199 

.000018 

29,000 

29.000 

.001454 

.000095 

.000217 

.000018 

80,000 

80.000 

.  001526 

.000072 

.000273 

.000056 

Perceptible  deflec- 

81.000 

31,000 

.001635 

.000109 

.000289 

.000016 

tion. 

32,000 

82,000 

.001727 

.000092 

.000325 

.000036 

33,000 

83,000 

.001854 

.000127 

.000381 

.000056 

, 

34,000 

84.000 

.001968 

.000109 

.000435 

.000054 

35.000 

85,000 

.002091 

.000128 

.000507 

.000072 

86,000 

36,000 

.002236 

.000145 

.000579 

.000072 

87.000 

87,000 

.002454 

.000218 

.000746 

.000167 

38,000 

38,000 

.002618 

.000164 

.000831 

.000085 

89,000 

89,000 

.003054 

.000436 

.  001012 

.000181 

40,000 

40,000 

.003127 

.000073 

.001193 

.000181 

Micrometer  removed. 

60,710 

60.710 

intimate  atrengtb. 

...... ...... 

Failed  by  triple  flexure. 

Fracture  developed  on  the  tension  side  when  the  middle  deflection 
reached  '^38. 


422       TESTS   OF   IRON  AND   STEEL   AND   OTHER  MATERIALS. 

V      BRONZE  SPECIMENS  FEOM  COLD  SPRING  FOUNDRY. 

[SamplM  of  metal  ased  for  life-aaTing  gnni.] 

No.  167. 

Tension  test 
Marks  on  bar,  27. 
Length,  3''. 
Diameter,  '^564. 
Sectional  area  .25  square  inch. 


Applied  loads. 


Total. 


Pounds. 
250 
600 
750 
1,000 
1.250 
1,500 
1.760 
2.000 
2,250 
2,500 
2,750 
3,000 
3,250 
3.600 
3,750 
4,000 
4.260 
4.600 
4.760 
5.000 
6,250 
5,500 
5.750 
6,000 
0.250 
0,500 
6.750 
7.000 
7,2S0 
7.500 
7,750 
8,000 
8,250 
8,500 
8,750 
9,000 
9.250 
9.600 
9.750 
10,000 
10.250 
10,500 
10,750 
10,880 


Per  RQoare 
Inoh. 


Pounds. 

1.000 

2,000 

3,000 

4,000 

6,000 

6.000 

7,000 

8,000 

9,000 

10,000 

11.000 

12,000 

13.000 

14.000 

16.000 

16,000 

17,000 

18.000 

19,000 

20.000 

21.000 

22.000 

23.000 

24,000 

25,000 

26,000 

27,000 

28,000 

29,000 

80.000 

31,000 

82,000 

83.000 

34,000 

85.000 

36.000 

37,000 

38.000 

89,000 

40.000 

41.000 

42,000 

43.000 

43,520 


BloB  Ration 
per  loch. 


Ineh. 


0. 


.000100 

.000288 

.000300 

.000367 

.000433 

.000567 

.000600 

.000667 

.000800 

.000867 

.000967 

.001033 

.001233 

.001333 

.001683 

.001933 

.002800 

.003033 

.004138 

.006067 

.009400 

.011283 

.013300 

.022800 

.028967 

.036688 

.048300 

.066567 

.067467 

.0733 

.0867 

.0933 

.1133 

.1283 

.1367 

.1500 

.1600 

.1800 

.1967 

.2167 

.2400 

.2633 


Snooeeaive 

elongation 

per  Inch. 


Ineh. 

'.'oboioo' 

.000133 

.000067 

.000067 

.000066 

.000134 

.000033 

.000067 

.000133 

.000067 

.000100 

.000066 

.000200 

.000100 

.000300 

.000300 

.000367 

.000733 

.001100 

.001934 

.003333 

.001833 

.002067 

.009000 

.006667 

.007666 

.011667 

.008267 

.010900 

.005^33 

.0184 

.0066 

.0200 

.0100 

.0134 

.0133 

.0100 

.0200 

.0167 

.0200 

.0233 

.0233 


Permanent 
aet~ 


Sacoeaaive 

permanent 

set, 


Inch. 
0. 

a 

.000033 
.000033 
.000067 
.000067 
.000067 
.000067 
.000100 
.000183 
.000133 
.000167 
.000238 
.000300 
.000333 
.000567 
.000733 
.001038 
.001838 
.002900 
.004633 
.007867 
.010033 
.014900 
.020733 
.027000 
.084167 
.045433 
.058600 
.064300 


Inch. 


I 


.000033 

0. 
.000084 

0. 

0. 

0. 

.000033 
.000088 

0. 

.000034 
.000088 
.000067 
.000088 
.000234 
.000166 
.000800 
.000800 
.001067 
.001733 
.008234 
.002166 
.004867 
.005833 
.006267 
.007167 
.011266 
.008167 
I   .  010700 


Remarkik 


Initial  load. 


Elastio  limit 


I 


Micrometer 
moved. 


re 


Ultimate  strengtli. 


General  eummary. 

Speoiflc  ffraTity — ...       8.861 

Hardness liSTO 

Tentlle strength  per  sqaare  inch  of  orlslnal  seotion pounds..       48, BM 

Xlaatio  limit  per  sonare  inoh  of  originiu  section do...       12.006 

Xlongation  per  inon  after  rapture.* inch..  0.28 

Zlonication  per  inch  under  strain  at  elastio  limit do...      .OOMT 

Xednotion  in  diameter  at  point  of  rupture do...  .064 

Beduotion  in  area  after  rupture,  per  centum  of  original  section  SB.0 

Position  of  rupture middle  of  stea. 

Cbaraoter  of  broken  surfkce light  yellow,  slight  yailation  in  oolor. 

Xlongatlon  of  inoh  sections ".26  (".82  fractured  aeotion),  ".M. 


TESTS   OF   IRON   AND    STEEL   AND   OTHER    MATERIALS.      423 

No.  152. 


Tensian  test 
Marks  on  bar,  33. 
LeDgth,  4''. 
Diameter,  ''798. 
Sectional  area,  .50  square  inch. 


Applied  loftds. 

BloneatioD 
per  iDoh. 

ToUl. 

Per  MOAre 
inco. 

Pound*. 

Pounds. 

Inch. 

500 

1,000 

0. 

1,000 

2,000 

.000025 

1,600 

3,000 

.000075 

2,000 

4,000 

. 000125 

2,500 

5,000 

.  000175 

3,000 

6.000 

.000225 

3,500 

7,000 

.000250 

4,000 

8.000 

.000300 

4.500 

9,000 

.00U35O 

5,000 

10,000 

.000400 

5,500 

11,000 

.000460 

e,ooo 

12,000 

.000526 

e.500 

18.000 

.000550 

7.000 

14,000 

.000650 

7,600 

15.000 

.000725 

8,000 

16,000 

.000826 

8,500 

17,000 

.001000 

9,000 

18,000 

.001126 

0,600 

19,000 

.001826 

10,000 

20,000 

.001626 

10,600 

21,000 

.002276 

11.000 

22,000 

.  003476 

11,500 

23,000 

.005825 

12,000 

24.000 

.010250 

12,500 

25,000 

.014200 

18,000 

26,000 

.020000 

18,500 

27.000 

.026960 

14.000 

28,000 

.  032376 

14.600 

29.000 

.040260 

16,000  . 

80,000 

.046500 

15,500 

31,000 

.0650 

16,000 

32,000 

.0675 

16.500 

38,000 

.0750 

17.000 

34,000 

.0860 

17.600 

35.000 

.0950 

18,000 

36,000 

.1060 

18.600 

37.000 

.1176 

19,000 

88.100 

.1300 

10,600 

30,000 

.1460 

20,000 

40,000 

.1660 

20,500 

41,00J 

.1725 

21,000 

42,000 

.1875 

21,500 

43,000 

.2050 

22,000 

44,000 

.2250 

22,500 

45,000 

.2425 

23,000 

46.000 

.2650 

23,600 

47,000 

.2950 

24,000 

48,000 

.3126 

24,600 

49,000 

.3450 

25,000 

50,000 

.3850 

26,600 

61,000 

.4250 

26,000 

52,000 

.4975 

26,050 

62,100 

Succes«ive 

eloncatioD 

perlnch. 


Inch. 

.006625 

.000050 

. C00050 

.000050 

.000050 

.000025 

.000050 

.000050 

.000050 

.000050 

.000075 

.000025 

.000100 

.000075 

.000100 

.000176 

.000125 

.000200 

.000300 

.000650 

.001200 

.002350 

.004426 

.0039.^ 

.006800 

.005950 

.006426 

.007875 

.006260 

.0085 

.0125 

.0076 

.0100 

.0100 

.0100 

.0125 

.0126 

.0160 

.0100 

.0175, 

.0150 

.0175 

.0200 

.0175 

.0226 

.0300 

.0175 

.0325 

.0400 

.0400 

.0726 


*®^-      set. 


Rem»rkt. 


Inch. 
0. 


Inch, 


Initial  load. 


>  0. 
'  0. 


0. 

0. 

0. 

0. 

.000026 
.000025 
.000026 
.000025 
.000025 
.000025 

0. 

0. 

.000026 
.000100 
.000175 
.000300 
.000575 
.001250 
.002426 
.004675 
.009060 
.012800 
.018460 
.024400 
.080626 
.038425 
.044500 


Blaatio  limit 


.000025 
0. 
0. 
0. 
0. 
0. 

.000025 
0. 

.000025 

.000076 

.000075 

.000126 

.000275 

.000675 

.001175 

.002250  , 

.004376  I 

.003760  > 

.005650  . 

.005960 

.006225 

.007800 

.006076  TMiorometer  re- 
moved. 


nitimAte  atrength. 


General  summary. 

Specific  Kravity 8.8884 

HWrdneaa 6.184 

Tenaile  strength  per  aqnare  inch  of  original  aeotlon ponnda..       52,100 

Blastic  limit  per  square  inch  of  original  section : do. . .        15, 000 

Elongation  per  inch  after  mptare inch..    0.612 

Elongation  per  ioch  under  strain  at  elastic  limit do...      .000728 

Rednction  in  diameter  at  point  of  rnptnre do...      .198 

Beduotion  in  area  after  mptnre,  per  centum  of  original  section 44.0      ^ 

Poaitionof  rupture ".6fh>ro  middle  of  stem. 

Ghantcter  of  broken  surfftce uniform  structure  light  yellow  color. 

Elongation  of  inch  sections ".50, ''.49  (".61  fh^tored  secUon),  ".4& 
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No.  163. 

TaiMfon  test. 
Marks  on  bar,  47. 
Length,  4f', 
Diameter,  ''.798. 
0  Sectional  area,  .50  square  inch. 


Applied  loads. 


TotiJ. 


Pounds. 

600 

1.000 

1.800 

2.000 

2.600 

8.000 

8.600 

4.000 

4.500 

6.000 

6,500 

0,000 

e.600 

7.000 

7.600 

8,000 

8,600 

0.000 

0.600 

10.000 

10.600 

11,000 

11.600 

12.000 

18,600 

18,000 

13.500 

14,000 

14,500 

16,000 

16,600 

16,000 

16,600 

17,000 

17,500 

18.000 

18,500 

10,000 

10,600 

20,000 

20,500 

21,000 

21,500 

22,000 

22,850 


Eloiiication 


■ana 
ion. 


inol 


Pounds, 
1,000 
2,000 
3,000 
4^000 
6,000 
6,000 
7,000 
8,000 
0,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16^000 
16,000 
17,000 
18,000 
10,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
26.000 
27.000 
28,000 
20.000 
80,00^ 
31,000 
82,000 
38,000 
34.000 
35,000 
36,000 
37,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
44,700 


Ineh. 
0. 
.000060 

.000076 
.000126 
.000250 
.000800 
.000860 
.000460 
.000600 
.000650 
.000676 
.000726 
.000776 
.000900 
.001025 
.001175 
.001526 
.001800 
.002676 
.004026 
.006226 
.009775 
.014350 
.021400 
.028275 
.083400 
.042526 
.062526 
.068526 

.06irn6 

.0860 
.0926 
.1000 
.1150 
.1275 
.1425 
.1550 
.1725 
.1875 
.2076 
.2275 
.2500 
.2725 
.8075 


SnooeaaiTo 

elonsatiott 

per  Inch. 


Inch. 


.000050 

.000025 

.000060 

.000126 

.000060 

.000050 

.000100 

.000050 

.000126 

.000126 

.000050 

.000050 

.000126 

.000126 

.000150 

.000350 

.000275 

.000776 

.001460 

.002200 

.003660 

.004575 

.007060 

.006876 

.006125 

.009125 

.010000 

.006000 

.011250 

.015225 

.0075 

.0076 

.0150 

.0125 

.0150 

.0125 

.0175 

.0150 

.0200 

.0200 

.0225 

.0225 

.0350 


Permanetat 
■et 


Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.000026 
.000086 
.000086 
.000026 
.000060 
.000090 
.000100 
.000176 
.000276 
.000586 
.000776 
.  001476 
.002925 
.004975 
.008576 
.013026 
.019776 
.026450 
.081626 
.040375 
.050276 
.066200 
.067200 


SnooeaaiTe 

pennanent 

set 


Ineh, 


.000026 

0. 

0. 

0. 
.000026 

0. 

.000050 
.000076 
.000100 
.000260 
.000260 
.000700 
.001460 


Elaatlo  limit 


Micrometer  remored. 


Ultimate  atreni^. 


General  summary. 

Speoiflo  grayity a 

Hardneas 6. 875 

Tensile  strength  per  square  Inch  of  original  section pounds..       44,700 

Xlastic  Umit  per  sqaare  inch  of  originsi seotion do  ...       18,000 

Elongation  per  incn  after  mptni'e inch..    0.32 

Elongation  per  inch  nnder  strain  at  elastic  limit do...      .000775 

Bednction  in  diameter  at  point  of  rupture broke  at  neck. 

IMncUon  in  ares  after  ruptnre,  per  centum  of  original  seotion «...  00.0 

Position  of  mptni'e at  neck. 

Oharacter  of  broken  snrCace porous,  spongy.    Kumerons  line  cracks  dereloped  along  Uieeni^es 

of  the  stesk 

Elongation  of  inch  section ".29,  ".31.  ".82  (".36  fraotnred  sectloa). 
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No.  149. 

Tension  test. 
Marks  on  bar,  49. 
Length,  4'^ 
Diameter,  ".798. 
Sectional  area,  .50  sqnare  inch.  •      ^ 


Applied  loads. 


Total. 


Poundt. 

600 

1.000 

1,500 

2,000 

2,600 

8,000 

8,600 

4,000 

4,600 

6,000 

6^500 

6,000 

0,500 

7,000 

7,600 

8,000 

8,600 

9,000 

0,500 

10,000 

10,600 

11,000 

'  11,500 

12,000 

12,500 

18,000 

18,600 

14,000 

14,600 

16,000 

15,600 

16,000 

16,500 

17,000 

17,500 

18,000 

18,500 

19,000 

10,500 

20,000 

20.500 

21,000 

21,500 

22,000 

22,600 

28,000 

28,500 

24^000 

24,500 

26,000 

25,500 

25,680 


Per  scia»Te 
inon. 


Poundt. 
1,000 
2,000 
8,000 
.  4,000 
6,000 
6,000 
7,000 
8,000 
9,009 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33.000 
34,000 
35.000 
36,000 
87,000 
88,000 
89.000 
40,000 
41,^)00 
42,000 
43,000 
44,000 
46.000 
46.000 
47,000 
48,000 
49,000 
50,000 
51,000 
51,160 


Blon^tion 
per  inch. 


Inieh. 
0. 

.000075 
.000100 
.000150 
.000225 
.000275 
.000826 
.000376 
.000425 
.900500 
.000660 
.000600 
.000625 
.000676 
.000825 
.000900 
.001100 
.001800 
.  001576 
.002100 
.008800 
.005325 
.010100 
.014250 
.019625 
.025825 
.082575 
.089325 
.046000 
.0SS575 
.0625 
.0700 
.0800 
.0900 
.1000 
.1125 
.1225 
.1350 
.1475 
.1000 
.1700 
.1925 
.2025 
.2250 
.2450 
.2675 
.2900 
.3175 
.8575 
.3925 
.4450 


Sacoeeiiye 

elongation 

perlnch. 


Inch, 

'000076* 

.000026 

.000050 

.000076 

.000050 

.000060 

.000050 

.000060 

.000075 

.000050 

.000050 

.000026 

.000050 

.000160 

.000075 

.000200 

.000200 

.000275 

.000625 

.001700 

.001626 

.004775 

.004150 

.005275 

.006800 

.006750 

.006750 

.006675 

.007575 

.006985 

.0075 

.0100 

.0100 

.0100 

.0125 

.0100 

.0125 

.0125 

.0125 

.0100 

.0225 

.0100 

.0225 

.0200 

.0225 

.0225 

.0275 

.0400 

.0350 

.0525 


Permanent 
set. 


Sneoesslve 

permanent 

set 


Bemarks. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.000076 
.009126 
.000250 
.000375 
.000600 
.001125 
.002850 
.004400 
.008000 
.018050 
.018100 
.024826 
.030625 
.067575 
.044100 
.051526 


Inch. 


Initial  load. 


.000075 
.000060 

.000125 
.000125 
.000225 
.000626 
.001725 
.001560 
.004500 
.004150 
.006060 
.006225 
.006500 
.006760 
.006625 
.007425 


Xlastio  limit. 


Micrometer  removed. 


Ultimate  strength. 


General  summary, 

Speciflo  gravity a  8949 

Hardness 7.181 

Tensile  strength  per  square  incli  of  original  section  pounds..       51,160 

Xlastio  limit  per  saoare  inch  of  original  section do....        14,000 

SlongatioD  per  inch  after  mptare inch . .    0. 46 

Elongation  per  inch  auder  strain  at  elastic  limit    do 000675 

Bednotion  in  diameter  at  point  of  rapture  (approximate) 188 

Bednction  in  area  after  rupture,  per  centum  of  original  section 42. 0 

Position  of  rupture 1"  8  firom  neck. 

Character  of  Mt>ken  surface uniform  structure,  light  yellow  color. 

Elongation  of  inch  sections (".54  firactured  sectioxi),  ".45.  ".48.  ".42 
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No.  155. 

Tension  test, 
Marks  ou  bar,  63. 
Length,  4'^ 
Diameter,  ^'.798. 
Sectional  area,  .50  sqaare  inch. 


Applied  looda. 


Total. 


Poundt. 

fiOO 

1,000 

1,500 

2,000 

2,600 

3,000 

3,500 

4,000 

4,500 

5,000 

5,500 

6,000 

6,500 

7,000 

7,600 

8,000 

8,500 

9,000 

9.500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,600 

18,000 

13,600 

14.000 

14,500 

15,000 

15,600 

16,000 

16,600 

17,000 

17,500 

17,050 


Per  sanftre 
inch. 


Pounds. 

1,000 

2,000 

8,000 

4,000 

5.000 

6,000 

7,000 

8,000 

9,000 

10,000 

11.000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29,000 

30,000 

81,000 

32,000 

33,000 

34,000 

35,000 

85,000 


EloDig^atloo 
per  inch. 


Inch. 
0. 

.000050 
.  000125 
.000200 
.000276 
.000375 
.000425 
.  001475 
.000550 
.000650 
.000750 
.000850 
.000025 
.  001175 
.  001425 
.001000 
.002700 
.004275 
.006525 
.  011525 
.016000 
.028000 
.  031100 
.040575 
.048400 
.059900 
.065000 
.080400 
.091325 
.106100 
.1225 
.1850 
.1500 
.1625 
.1025 


Sneoessive  i  -d^.^.^^^*  I  Sttooeeelvo 
elongation  ;  *^ormM»»°t  permanent 


per  inch. 


set. 


Remarkt. 


set. 


I 


Inch. 

'.oooosb 

.000075 

.000075 

.000075 

.000100 

.000050 

.000050 

.000075  I 

.000100  I 

.000100 

.000100 

.000075 

.000250 

.000250 

.000475 

.000800 

. 001575 

.002250 

.005000 

.005375 

.007000 

.007200 

.000475 

.007825 

.011500 

.006000 

.014500 

.  010025 

.014775  ! 

.0164    I 

.0125   |. 

. 0150   1 

.0125   |. 

.0300 


Inch. 

0. 

0. 

0. 

0. 

0. 

-.000025 
—.000025 
—.000025 

0. 

.000025 
.000050 
.000100 
.000150 
.000275 
.000475 
.000000 
.001650 
.003150 
.005400 
.010825 
.015525 
.022550 
.020400 
.038725 
.046600 
.  067825 
.066275 
.078200 
.088650 
.108160 


Inch. 


Initial  load. 


—.000026 
0. 
0. 

.000025  I  Elastic  Umit. 

.000025 

.000025 

.000050 

.000060 

.000125 

.000200 

.000425 

.000760 

.001600 

.002260 

.004025 

.005200 

.007025 

.006850 

.009325 

.007875 

.011225 

.008450 

.011025 

.010450 

.014600 


Micrometer  remoTod. 


Ultimate  strength. 


Sped 
Hard: 


General  sammary.                           % 
flc  gravity 8. 


Lardness 4.781 

Tensile  strength  per  square  inch  of  original  section pounds. .        36, 90O 

Blastio  limit  per  square  inch  of  original  section do...         0,000 

Xlongation  per  inon aAer rupture inch..    0.217 

Elongation  per  inch  under  strain  at  elastic  limit do...      .OOOSSO 

Bednctionin  diameter  at  point  of  rupture. do...      .088 

Bednction  in  area  after  rupture,  per  centum  of  original  section 20.0 

Position  of  rupture ".2  from  middle  of  st«n. 

Character  of  broken  surface sponicy ;  color,  light  yellow,  with  spots  of  dark  yellow  and  oopper- 

oolored  metal ;  surface  of  stem  cracked. 
Elongation  of  inch  sections ".20,  ."20  (".20  fractured  section),  M8 


TESTS   OF   IRON   AND    STEEL   AND   OTHER   MATERIALS.      427 

No.  164. 

Tension  test 
Marks  on  bar,  71. 
Length,  ^". 
Diameter,  ''.798. 
Sectional  area,  .50  sqnare  inch. 


Applied  loftda. 


ToteL 


Pound*, 

500 

1,000 

1.500 

2,000 

2,500 

3,000 

8.500 

4,000 

4,500 

5,000 

6,500 

8,000 

6.500 

7,000 

7,500 

8,000 

8,500 

9.000 

9,500 

10,000 

10,600 

11,000 

11,600 

12,000 

12,600 

13,000 

13,500 

14,000 

14.500 

15.000 

15,500 

16^000 

16^500 

17.000 

17,500 

18,000 

18,600 

19,000 

19,500 

20,000 

20,500 

21,000 

21,500 

22,000 

22,600 

23,000 

23,500 

23,900 


Per  «qn«re 


Mm 

son. 


ino 


Elonffetion 
peruDoh. 


I-  — 


Pound$. 

Inch. 

1,000 

0. 

2,000 

.000050 

3,000 

.000100 

4,000 

.000150 

5.000 

.000200 

6.000 

.000250 

7,000 

.000300 

8,000 

.000350 

9,000 

.000425 

10.000 

.000475 

11,000 

.000525 

12,000 

.000625 

13.000 

.000725 

14,000 

.000770 

15,000 

.000925 

16,000 

.001075 

17,000 

.001250 

18,000 

.001525 

19,000 

.001925 

20,000 

.008000 

21,000 

.004750 

22,000 

.006550 

23,000 

.009875 

24,000 

.014000 

25,000 

.019200 

26,000 

.022876 

27,000 

.028250 

28,000 

.035250 

29,000 

.042625 

30,000 

.050950 

31,000 

.0575 

82,000 

.0675 

33,000 

.0750 

34,000 

.0850 

35,000 

.0960 

36,000 

.1050 

37.000 

.1175 

38,000 

.1276 

39,000 

.1375 

40,000 

.1525 

41.000 

.1700 

42,000 

.1875 

43,000 

.2000 

44,000 

.2200 

45.000 

.2400 

46,000 

.2660 

47,000 

.2926 

47,800 



SnoceBsive 

eloDcation 

per  inch. 


Jt%eh. 


Permanent 
set. 


1 
-I- 


.000050 
.000060 
.000050 
.000050 
.000050 
.000050 

.000050  ; 

.000075  I 

.000050  I 

.000050  ! 

.000100 

.000100 

.000050 

.000150  { 

.000150  ! 

.000175  > 

.000275 

.000400 

.001075 

.001750 

.001800 

.003325 

.004125 

.005200 

.  003675 

.  006375 

.007000 

.007375 

.008325 

.006550 

.0100 

.0075 

.0100 

.0100 

.0100 

.0125 

.0100 

.0100 

.0150 

.0175 

.0175 

.0125 

.0200 

.0200 

^^50 

70276 


In^, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a 

0. 

0. 

.000026 
.000026 
.000125 
.000225 
.000350 
.000675 
.000925 
.00^75 
.003650 
.005450 
.008700 
.012675 
.017725 
.021250 
.026750 
.033475 
.040650 
.048800 


Snooeseive 

permanent 

set. 


Ineh. 


Kemarka. 


0. 
0. 


000025 


Initial  load. 


I  Blaatic  limit. 


000200 

000126 

000225 

000350 

001050 

001675    I 

001800    i 

003250 

003975    I 

006050 

003525 

005500    ' 

000725 

007175    > 

006150    '  Micrometer  removed. 


I  SnrfiMse  cracks  de- 
veloped. 


Ultimate  strength. 


Hard] 


General  eummary. 

siflc  gravity. 8.1 

dneas 6.711 

Tensile  strength  per  sqnare  inch  of  orii^nal  section poands..         47,9M 

Elastic  limit  per  saoare  inch  of  original  section do 14, 009 

Xlongation  per  incb  after  mpture inch..  O.SS 

Elongation  per  inch  nnder  strain  at  elastic  limit do 000776 

Bednction  in  diameter  at  point  of  mptare do .14S 

Bednotion  in  area  after  rapture,  per  centam  of  original  section 84. 0 

Potitionr  of  mptare r'.5  fh>m  neck. 

Gharacter  of  broken  surface yellow<gray  color ;  small  spongy  spot  at  clrcamference  of  fractorCb 

Cracks  develeped  along  the  stem. 
Elongation  of  inch  sections ".31,  ".81  (".88  flractored  section),  ".88. 
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^o.  150.— Tawion  teti. 
M^rkft  on  bar,  73. 
Length,  4". 
Diameter,  ''.798. 
Sectional  area,  .50  sqaare  inch. 


Applied  iMida. 

ElOBAtlMl 

Tout    '^•'liS^    P«^««fc.  I  per 


Inek, 


1. 

1,900 

2,000 

2,500 

3.000 

2,500 

4,000 

4,500 

5,000 

5,500 

6,000 

0,500 

7,000 

7.500 

8.000 

8,500 

9.000 

0^600 

10,000 

10,500 

11,000 

11,500 

12.000 

12,600 

13,000 

13,600 

14,000 

14,600 

15.000 

15.600 

18,000 

16,600 

17.000 

17.600 

18,000 

18.600 

19.000 

19,500 

20,000 

20.500 

21.000 

21,500 

22,000 

22,600 

23,000 

28.600 

24,000 

24.600 

26.000 

2.1.600 

26,700 


1, 
2.000 
8.000 
4,000 
5^000 
6,000 
7,000 
8^000 
9.000 
10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
21,000 
22,000 
23.000 
24.000 
25.000 
26.000 
27,000 
28.000 
29.000 
80.000 
31,000 
32,000 
33.000 
34,000 
35,000 
36,000 
37.000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51.000 
61,400 


000125 
000200 


000075 
,000075 


Oi 
Ol 
0. 
0. 


iBMal 


000900 

.000050 

000400 

.000100 

000600 

.000100 

000925 

.000025 

000600 

.000075 

000700 

.000190 

000750 

.000060 

000850 

.000100 

0C0975 

.000125 

001925 

.000050 

001175 

.000159 

001350 

.000175 

001560 

.000200 

001860 
.002290 

002825 
,008875 
,009050 
.007025 


.012760 
.014560 
.019000 
.024125 
.030000 
.0860 
.0400 
.0450 
.0675 
.0026 
.07U0 
.0800 
.0876 
.1000 
..1125 
.1200 
.1325 
.1500 
.1600 
.1825 
.2000 
.2200 
.2450 
.2750 
.3075 
.3476 


.000400 

.000675 

.001050 

.001175 

.001075 

.002800 

.002925 

.001800 

.004960 

.004625 

.006875 

.0050 

.0050 

.0050 

.0125 

.0060 

.0075 

.0100 

.0075 

.0125 

.0125 

.0075 

.0125 

.0175 

.0100 

.0225 

.0175 

.0200 

.0250 

.0300 

.0325 

.0400 


.  OL 

r  0. 

.  Ol 


,000075  • 

,090100  i 

090150  I 


Slavic  liBft. 


.009075 
.009100 
.009125 


,009750 

,991025 

001690 

,002750 

093775 

009750 

006400 

,011175 

,013025 

,017800 

022175 

.027850 


I 
090875  j 


.001100 

.001025 

.001975 

.OOgjgO 

.002775 

.001860 

.004775 

.004375  j 

.009679  j  Mlcrometemnovvd. 


I 


ITltiinAte  strength. 


a  8380 

7.40S 

91,400 

10.001 

0.197 


General  aummary. 

Bpeciflo  gniTity 

£uirdn«88 

Tensile  strength  per  sqosre  inch  of  oriidn&l  section pounds.. 

Xlastic  limit  per  sqaare  inch  of  origiual  section do 

Elongation  per  incn  after  niptnre ^ inch.. 

Xlongation  per  Inch  nnder  strain  at  elastic  limit do — 

Bednction  in  diameter  at  point;  of  ruptnre  do. . .. 

Reduction  in  area  after  rupture,  per  centom  of  original  section 

Position  of  rupture ".9ftomneok. 

Character  of  broken  surface yellowish  gray ;  surface  cracks  developed  along  the  slm. 

Elongation  of  inch  sections (''.41  fractured  seoUon),  ".85,  ".34,  ".SS. 

The  stem  preserved  its  cylindrical  form  daring  the  test,  not  drawing 
down  and  making  an  irregnlar  surface,  characteristic  of  the  more  duo- 
tile  specimens. 


810 
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No.  166. 


Tension  test 
Marks  on  bar,  95. 
Length,  4". 
Diameter,  ''.798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 

Per  sqaare 
inon. 

BlonjratloD 
per  inch. 

Inek. 

SacoeMive 

elonffation 

perlDoh. 

Pennanent 
aet. 

Suooeaalve 

permanent 

■et. 

Remarka. 

Total. 

Poundt. 

F<mnd9, 

Indi. 

Inch. 

Ineh. 

600 
1,000 

1.000 
2,000 

0. 
.000075 

0. 
0. 

Initial  load. 

.000076 

1,600 

8,000 

.000125 

.000050 

0. 

2,000 

4,400 

.000225 

.000100 

0. 

2,600 

6.000 

.000276 

.000050 

0. 

3,000 

6.000 

.000300 

.000025 

0. 

8,600 

7.000 

.000350 

000050 

0. 

4,000 

8,000 

9.000 

10,000 

.000426 

.000075 

0. 

4.500 
5.000 

.000500 

.000075 

0. 

.000650 

.000050 

0. 

6,600 

e,ooo 

11,000 
12.000 

.000625 

.000075 

0. 

Elaatio  limit. 

.000725 

.000100 

.000050 

.000050 

e,6oo 

13,000 

.000775 

.000060 

.000175 

.000025 

7.000 

14,000 

.000900 

.000125 

.  000175 

.000100 

7,500 

15.000 

.001000 

.000100 

.000250 

.000075 

8.000 

18.000 

.001300 

.000300 

.000375 

.  000125 

8,500 

17.000 

.001525 

. 000225 

.000550 

.000176 

9,000 

18,000 

.002076 

.000550    ' 

.001050 

.  000500 

9.500 

19,000 

.002050 

. 000875 

.001850 

.000^)00 

10.000 

20.000 

.005050 

.  002100 

.004000 

.002150 

10.500 

21.000 

.007675 

.002625 

.006500 

.002500 

11,000 

22.000 

.012200 

.004525 

.010925 

.  004425 

11.500 

23,000 

.016050 

.003850 

.  014700 

.003775 

12.000 

24.000 

.021250 

.005200 

.019750 

.005050 

12.600 

25,000 

.028000 

.006750 

. 026375 

.  006625 

18,000 

26,000 

.036075 

.008075 

.034250 

.  007875 

13.500 

27,000 

.041500 

.005425 

. 039525 

.00327* 

14.000 

28,000 

.049075 

.  007575 

.047000 

.  007475 

14,500 

29,000 

.  057500 

.  008425 

.055300 

.008300 

15.000 

80,000 

.066875 

.009375 

.004625 

. 009325 

Hiorometer  remoTed. 

16, 600 
16,000 

81,000 
32,000 

.0750 

.008125 

.0850 

.0100 

16,500 

33,000 
34,000 
35,000 
36,000 

.0950 

.0100 

17.000 

.1050 

.0100 

17,500 

.1175 

.0125 

18.000  - 

.  1325 

.0150 

• 

18,500 
19.000 
19.600 

37,000 
38,000 
39,000 

.1425 

.0100 

.1550 

.0125 

.1750 

.0200 

20.000 

40.000 
41.000 

.1925 

.0175 

«••••••.•%•. 

20.500 

.2125 

.0200 

21,000 

42. 000 

.2325 

.0200 

21,500 

43.000 

.2600 

.  0275 

21,840 

43,680    i 



Ultimate  strength. 

t               i 



General  eummary. 

Speoiflo  gravity &7660 

Hardness : 5.322 

Tensile  strt^ngth  per  square  inch  of  original  section pounds..      48.680 

Slasticlimit  per  Miiare inch  of  oriinnal  section do....      11,000 

SloDgation  per  inon  after  rapture inch....        0.277 

Slongation  per  inch  under  strain  at  elastic  limit do 000flS6 

Reduction  in  diameter  at  point  of  rupture do 128 

Reduction  in  area  after  rupture,  per  centum  of  original  section 80.0 

Position  of  rupture l".6firom  neok. 

Character  of  broken  sarfaoe slighiLy  spongy;  Tuiations  of  color. 

Fracture  befcan  at  side,  showing  small  copper-colored  spots,  and  light- 
gray  metal.    This  side  of  the  stem  was  broken  with  snrface  cracks. 
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No.  151. 

Tefman  feat, 
Marks  on  bar,  97. 
Length,  4". 
Diameter,  ''.798. 
Sectional  area,  .50  square  inch. 


Applied  loads. 
Total.    ""i-X' 


Per  square 
iaol 


Pmindi. 

600 

1.000 

1,500 

2,000 

2.500 

8,000 

3,500 

4,000 

4,500 

5,000 

5,500 

6,000 

6,600 

7,000 

7,500 

8,000 

8,500 

9,000 

9.500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

18,500 

14,000 

14,500 

15.000 

15.500 

16.000 

16,500 

17,000 

17.500 

18.000 

18,500 

19,000 

19,500 

20.U00 

20,  SOU 

21,000 

21,600 

22,000 

22,500 

23,000 

23,500 

24,000 

24,500 

25.000 

25,490 


Pounda. 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27.000 
28,000 
29,000 
30,000 
31.000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
50.980 


Elongation 
per  uioh. 


Jneh. 

0. 

.000050 
.000125 
.000175 
.000250 
.000275 
.000325 
.000375 
.000450 
.000600 
.000550 
.000625 
.000700 
.000775 
.000875 
.001025 
.001250 
.001500 
.001800 
.002525 
.003950 
.006275 
.010050 
.  014975 
.020525 
.026475 
.032025 
.040025 
.047275 
.055525 
.0650 
.0725 
.0800 
.0925 
.  1025 
.1125 
.1250 
.1376 
.1525 
.1650 
.1825 
.2000 
.2200 
.2876 
.2625 
.2850 
.3125 
.3475 
. 3875  * 
.4376 


Succeraive 

elongation 

per  inch. 


Tneh. 

.000050 

.000075 

.000050 

.000075 

.000025 

.000050 

.000050 

.000075 

.000050 

.000050 

.000075 

.000075 

.000075 

.000100 

.000150 

.000225 

.0002.50 

.000300 

.000725 

.  001425 

.002325 

.003776 

.004925 

.005560 

.005960 

.005550 

.008000 

.007250 

.008250 

.009475 

.0075 

.0075 

.0125 

.0100 

.0100 

.0125 

.0125 

.0150 

.0125 

.0175 

.0175 

.0200 

.0175 

.0250 

.0225 

.0275 

.0350 

.0400 

.0500 


^ 


Permanent 

Mt. 


Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.000025 
.000076 
.000200 
.000300 
.000525 
.000876 
.001550 
.003050 
.005226 
.008950 
.  013760 
.010026 
.025025 
.080526 
.0t8225 
.045525 
.053426 


Sacceeslve 

permanent 

set. 


Bmnarkt. 


General  summary. 


Ineh. 


Initial  load. 


.000025 

.000050 

.000125 

.000100 

.000225 

.0003.W 

.000675 

.001500 

.002175 

.008725 

.004800 

.006275 

.006000 

.005500 

.007700 

.007300  I 

.007900 


Blaatio  limit. 


Micrometer  remoTed. 


intimate  strength. 


Speoiflc  gravity . 
Uardness 


Tensile  strength  per  square  invh  of  orisinal  section pounds. . 

Elastic  limit  per  sauareincli  of  originsl section do.... 

Elongation  per  incn  after  rupture inch. . 

Elongation  per  inoli  under  strain  at  elastio  limit do. . . . 

Reduction  in  diameter  at  point  of  rupture do.... 

Beduction  in  area  after  rupture,  per  oentumof  original  section 

Position  of  rupture * V'tnmntdk. 

Character  of  broken  surface light-yellow  colored,  interspersed  with  small  spots  of  dark- 
yellow  metal. 
Elongation  of  inch  sections ".68,  ".49  r. 56  fractured  section) ,  ".46. 


&8212 

&072 

50.900 

18.000 

0.61 
000700 

.178 

4a  0 
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No.  131. 

Tension  test. 
Marks  on  bar,  99. 
Length,  4f'. 
Diameter,  ''.798 
Sectional  ^^a,  .50  sqnare  inch. 


I 


Applied  loads. 


ToUl. 


PoundM. 

500 

1,000 

1,500 

2,000 

2,500 

8,000 

3,500 

4,000 

4.500 

5,000 

5,500 

6^000 

8,500 

7.000 

7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13.000 

18,500 

14,000 

14.500 

15,000 

15,500 

18,000 

18,500 

17,000 

17,500 

18,000 

18,500 

19,000 

19.500 

20,000 

20,500 

21,000 

21,500 

22.000 

22.050 


-lia»«Uoni8-««e«i;. 


inon. 


PuundM. 
1,000 
2,000 
3,000 
4,400 
5,000 
8.000 
7,000 
8,000 
9,000 
10,000 
11.000 
13,000 
13,000 
14.000 
15,000 
18.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
28,000 
27.000 
28,000 
20,000 
30,000 
31,000 
82,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
80,000 
40,000 
41,000 
42,000 
43,000 
44,000 
44.100 


Inch. 


In^. 


0. 


.000075  • 

.000150  ; 

.000200  < 

.000250 

.000300  I 

.000375  ' 

.000475 

.000475 

.000525  I 

.000550 

.000825  I 

.000750 

.000800 

.000950  1 

.001200  ! 

.001475  , 

.001975  i 

.002925  I 

.004725  1 

.007975  I 

.014925  I 

.019700 

.  028225 

.082825 

.040375 

.047976 

.056425 

.085225 

.  074525 

.0875 

.1000 

.1125 

.1250 

.1375 

.1500 

.1650 

.1800 

.2000 

.2175 

.2400 

.2600 

.2875 

.3200 


.000075 
.900075 
.000050 
.000050 
.000050 
.000075 
.000100 
0. 

.000050 
.000025 
.000075 
.000125 
.000050 
.000150 
.000250 
.000275 
.000500. 
.000950 
.001800 
.008260 
.006950 
.004775 
.006625 
.006400 
.007750 
007600 
008850 
.008800 
.009300 
.012975 
.0125 
.0125 
.0125 
.0125 
.0125 
.0150 
.0150 
.0200 
.0175 
.0225 
.0200 
.0275 
.0325 


Permanent  1^'^<'«***^; 
11*         '  pennanent 

■®^-      aet 


JficA. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.000075 
.000225 
.000425 
.000800 
.001750 
.008525 
.006775 
.  018475 
.  018075 
.026225 


.040375 
.047975 
.066426 
.005225 
.074525 


Ineh. 


Remarks. 


Initial  load. 


Blastfo  limit. 


.000075 
.000160 
.000200 
.000375 
.000950  , 
.001775  i 
.008250  I 
.006700  I 
.004800  I 
.008160  • 
.006400 
.007750 
.007600 
.008450 
.008800 
.009300 


Miorometer  removed.  > 


Ultimate  atrengtli. 


General  summary. 

:Specifio  icravity '. 8.5916 

Hardness 5. 116 

Tensile  strength  per  square  inch  of  original  section pounds..       44,100 

Elastic  limit  per  saaare  inch  of  origins! section do  ...        14, 000 

Slongation  per  inch  after  rupture inch..    0.8^ 

Elongation  per  inch  under  strain  at  elastic  limit do 000800 

Bednotion  in  diameter  at  point  of  rupture  (approximate)      do 148 

Seduction  in  area  after  rupture,  per  centum  oi  original  section 84.0 

Position  of  rupture 1".75  from  neck 

<3haTacter  of  broken  surface light  yellow^  uniform  color ;  fine  surface  cracks  along  the  stem. 

Elongation  of  inch  sections ".26,  ".30,  (". 41  fractured  section),  ".  86. 

NOTB.— In  determining  the  hardness  of  the  foregoing  bronze  specimens,  a  pyramidal  indenting  tool 
was  used  employing  pressures  of  5,000  pounds  on  account  of  the  smallness  of^the  specimens.  The  re- 
sults were  reduced  oy  computation  to  hardness  under  10,000  pounds  pressure,  assuming  that  the  in- 
dentations vary  as  the  square  roots  of  the  cubes  of  the  pressures. 
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BRONZE  FROM  OLD  ^POUNDER  0UN8. 
Form  o/  •jMoiaiMM. 


^ 


^ 


y 


N 


No.  11. 


[Specimen  out  tram  6-poimd«r  gun  1839.    CMt  by  Cymi  Alger  A  Ce.] 


Diameter  of  part  tested,  ^^621. 
SectioDal  area,  .303  square  inches. 
Gaaged  length,  3''.293. 


Applied  Icwde. 


TotAl. 


Foundf. 
808 
606 
900 
1,212 
1,S15 
1,818 
2.121 
2,424 
2,727 
3,030 
8,338 
3.636 
3,939 
4,242 
4.645 
4,848 
5,]61 
6,454 
6.767 
6,000 
6,863 
6^  666 
6,969 
7,185 


Per  aqoare 


aqpt 
acii. 


ine 


Pounds. 

1,000 

2.000 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

23,710 


Slongation. 


Ineh, 

0. 

.001 
.001-1- 
.002 
.002 
.002+ 
.003 
.003 
.003 
.003 
.0081 
.003^ 
.004 


.002 

.011 

.017 

.026 

.052 

.074 

.108 

.143 

.180 


Seta. 


Inch. 


GMigings  taken  with  Teniier  oelipen. 


There  were  atuneroiu  blow-holee  in  the 
speoim'sn  which  were  visible  b«fa>re  the 
test  began. 


Elaetio  limit 

Irregular  surface  craokt  appear. 


XTldmate  strength. 


T" 


The  surface  of  the  cylindrical  part  finally  divided  by  irregular  cracks* 
Fractured  ends  yellowish  copper  colored,  with  distinct  spots  of  light 
silvery  appearance. 
Surface  vesicular.  *v 
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No.  12. 
[BroBM  out  fktNB  O-poonder  gun  1889,  Mid  reoMt  at  Watortown  Aisaiud.] 

Diameter,  ''.623. 

Sectional  area,  .305  sqnare  inch.  i 

Oanged  length,  3''.292. 


.  AppliadlMda. 

Sl«mffttioii. 

»»»^    •"'toT" 

Sets.                                  Remarks. 

Pomndi.    '    Poumd§. 

806             1.000 

010             2,000 

916             8,000 

1,220             4.000 

1,626             6,000 

1,880             0,000 

2,186             7,000 

2,440             8,000 

2,746             9,000 

8. 050            10. 000 

0. 

0. 

.001 
.001 

.oou 

.002 

.002 

.0021 

.006 

.006 

.0084 

.004 

.004 

.004i 

.006 

.006* 

.008 

.016 

.028 

.040 

.072 

.101 

.128 

.164 

iML 

8,865 
8,081 
8,906 
4.270 
4,676 
4,880 
6,186 
6,490 
6,796 
0,100 
0,405 
0,710 
7,016 
7,820 
7,026 
7.930 
8,285 
8,640 
8,845 
9,160 
9,466 
9,710 

11.000 
12.000 
18,000 
14,000 
16,000 
10,000 
17.000 
18,000 
19,000 
20.000 
21,000 
22,000 
28,000 
24,000 
26.000 

BlaoUo  limit. 
Ultimate  ttiength. 

28, 000              -  210 

27,000 
28,000 
29.000 

.266 

.2^ 
sail 

80,000              .876 
81, 000             -  A19 

81,840 

Fractured  at  neck  of  specimen;  yellowish  copper  colored. 

The  irregular  surface  of  fracture  composed  of  planes,  which  were 
covered  with  a  network  of  fine  lines,  intersecting  each  other  at  right 
angles. 

The  apparent  dissociation  of  constituents  observed  in  specimen  No. 
11  not  apparent  in  this  specimen. 

S.  Ex.  36 28 
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No.  13. 

[Bionse  eat  tnrn  6*poiiiider  fun  oaat  by  N.  P.  Amas  in  1646.] 

Diameter,  ^^623. 
I    Sectional  area,  .305  square  inch. 
Ganged  length,  3''.277. 


AppUedlMUU. 

SlongAtton. 

Sets. 

TotoL 

Per  Muare 
inon. 

BeoiArke. 

Poundf. 
805 
610 
015 
1,220 
1,625 
1,880 
2.185 
2,440 
2.745 
8,050 
8,856 
8,660 
8,965 
4,270 
4,575 
4.880 
6^185 
6,490 
6,796 
6,100 
6,405 
6,680 

Poundi. 

1.000 

2,000 

8,000 

4.000 

6^000 

6.000 

7,000 

8.000 

9,000 

10.000 

11.000 

18,000 

•     18,000 

14,000 

15,000 

16^000 

17,000 

18,000 

19,000 

20,000 

21.000 

21,900 

Inch. 

0. 

.0004 
.0001 

.001 

.001 

.001 

.0011 

.008 

.002 

.006 

.008 

.008 

.0084 

.004 

.0041 

.006 

.009 

.016 

.030 

.055 

.066 

^fMn. 

1 

. 

• 

• 

ElMtio  Hmit. 

•-• ^•* 

IrragnlAr  eiiilkee  oraoka  appear. 

intimate  atrcngth. 

1 

Fifty  per  cent  of  fractnre  yellowish  copper  colored,  60  per  cent  light 
gray. 

Fractnre  irregnlar.    Surface  vesicular. 

The  apparent  dissociation,  of  constituents  more  strongly  marked 
tiian  observed  in  specimen  No.  77. 

Oylindrical  surface  divided  by  numerous  irregular  cracks. 
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>ro.  14. 

[Bronze  cat  from  old  6-ponnder  gan,  1846 ;  recast  at  'Watertown  Arsenal.] 

Diameter,  ''.623. 
Sectional  area,  .305  square  inch. 
Ganged  length,  3".292. 
Surface  of  specimen  porous. 


Applied  loads. 

^r 

Sets. 

• 

T5tal. 

Per  square 
inoh.     / 

Poundf.    1    Poundi. 

806    i         1.000 

610    ,         2,000 

916             8,000 

1. 220             A.  (100 

Inoh. 

0. 

0. 

.001 
.001} 
.002 
.008 
.008 
.008i 
.004 

JfMft. 

• 

BlasUo  limit. 

Surface  cracks  appear, 
intimate  strength. 

1.6S6 
1,880 
2.186 

6,000 
6,000 
7,000 

\ 

2.440 
2.746 

8,000 

O  000 

8,060            loioOO 
8.866           11.000 

.004 

.^OH 

.006 

.007 

.008 

.010 

.016 

.021 

.086 

.067 

4 

8,660 
8,966 
4  270 

12,000 
18.000 

14  OOA 

4.675            16,000 
4. 880            Iff.  flflo 

6.186 
i4M 
6.796 

17,000 
18,000 

10  000 

6, 020            ifi.  740 

Forty  per  cent,  of  fracture  yellowish  copper  colored ;  60  per  cent,  light 
gray.    Fracture  irregular,  surface  vesicular. 

Apparent  dissociation  of  constituents  ]  cylindrical  surface  divided  by 
short  irregular  fissures. 
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No.  18. 


[Bronze  oat  from  old  6>poiinder  gnn,  A.I 

Diameter,  '^626. 

Sectional  area,  '^308  square  inch. 

Oaaged  length,  3^'.283. 


Applied  loads. 

EloDgm- 
tion. 

Sets. 

Kenurks. 

Toua. 

Peraoiutre 
inoD. 

Pounds. 
808 
616 
924 

1,282 
1,540 
1,848 
2,156 
2,464 
2,772 
8,080 
3,888 
8.696 
4,004 
4,812 
4,620 
4,928 
5,286 
5,544 
5,852 
6,160 
6,468 
6,776 
7,084 
7,392 
7.580 

Pounds. 
1,000 

Inch, 
a. 

XfMA* 

• 
• 

2,000           6. 
8,000             .001 
4,000             .001 
5,000             .OOU 
6,000              .00l{ 
7,000             .002 
8,000              -OOOk 

••«•«    ••«••« 

9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 

.•02} 
.008 
.008i 
.004 
.0041 
.005 
.606 
.007 
.009 
.012 
.018 
.027 
.087 
OfiS 

• 

RlaiiM<^  limit, 

i 

m 

Irregular  surface  oracks  appear. 
Ultimate  streoRth. 

23.000    '         .076 
24, 000    1         - 101 

24,450 

Color  of  fractare,  yellowish  drab ;  irregular  surface,  vesicular. 
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No.  19. 

[BeoMt  inet»l  firom  6*]Mm]ider  gun  A,  tint  meltliig.] 

Diameter,  ^'.626. 

Sectional  area,  '^308  square  inch. 

Ganged  length,  3''.293. 


Applied  loads. 

Xlonsft' 
tlon. 

SeU. 

Bemirks. 

TotaL 

PerMoare 
inon. 

PowmU. 
866 

616 
884 

1,282 
1,646 
1.848 
2.166 
2.464 
2.772 
8.680 
8,888 
8,686 
4,604 
4,812 
4,620 
4,888 
6^286 
6,644 
6,852 
6,160 
6,488 
6,776 
7,084 
7.882 
7,700 
7,890 

PowMlf. 
1,000 
2.066 
8,000 
4,006 
6,600 
6,000 
7.000 
8,000 
8,000 
10.006 
11,000 

12;  000 

18,606 
14,000 
.  16,000 
16,000 
17,000 
18,006 
19,000 
80,000 
2L00O 

Inth. 

OL 

.001 
.062 
.002 
.062 

!008i 

.008 

.008 

:^ 

.004 
.004 
.006 

:006{ 

.010 

.017 

.020 

.088 

.Oifi 

JfMn. 

m 
• 

XlMtIo  limit 

BuiCMe  enolu  developed. 

Ultimate  strangth. 

....►  ••.••• 

22,000              .066 

28,000 
24.000 
26,000 
26,940 

.084 
.106 
.140 

Irregnlar  fracture,  yellowish  copper  colored. 

There  was  a  bright  yellow  spot  near  the  edge  of  the  fractnre,  cover- 
ing abont  15  jMsr  cent,  of  the  sniface. 
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No.  20. 

[BMMt  metal  from  old  6*poiiiid0r  gno  A ;  2d  mdtlng.] 

Diameter,  ".626. 
Sectional  area,  ^'.308. 
Gauged  length,  3''.287. 


Appttfldlonda. 

ElOBg»tlOB. 

SM. 

TotaL 

PerMnare 
inen. 

BflBMks. 

Pottlldf. 

806 

616 

924 

1.282 

1.640 

1.848 

a,  186. 

•  2,464 

2,772 

PwmdM, 
1.000 
'2,000 
8,000 
4,000 
6,000 
6,000 
7,000 

0. 

.0001 

.001 

.001 

.0011 

.009 

Inck. 

■■*               ••         ••• 

fi  000    '          .OOSi 

•*"•*•    •••••• 

0.000 

:w8- 

.008 
.0034 
.004 
.0044 

.•        •••••••• 

8,080            10.000 
3,888            11,000 
8,686    ,        12.000 
4. 004            18. 000 

ElMtic  limit. 

4,812    .        14,000             .006 
4, 620              Ifi.  000               .007 

4,928 
6,236 
6,544 
6,862 
6,100 
6,468 
6,776 
7.084 

16,000    t          .009 
17.000    <          .012 
18.000              .018 
19.000    t          .025 
20,000             .0S7 

Sarfkce  cnoks  deTeloped. 

21,000 
22,000 

.058 
.070 

21L000     1           .0011 

7,892           24;6o6             .121 
7.700            26,000              .147 
8.008              28.000                .1M 

8,816 
8,624 
8,780 

27.000    1         .212 
28. 000    1         .240 

281 510 

iniimAto  strength. 

""****'**** 

Irregular  fracture.    Yellowish  copper-colored. 
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No.  21. 

[RMMt  OMtel  from  old  6>poiuid«r  gim  A  i  Sd  malting.] 

Diameter,  '^626. 
Sectional  area,  '^308. 
Ganged  leni^b,  3''.295. 


▲ppUod  loads. 

TotaL 

PerioiiarB 
inok. 

PiowndB, 

PommU. 

806 

1,000 

616 

2,000 

684 

8,000 

1.288 

4.600 

1,6«0 

5,000 

1,846 

6,000 

8.166 

7,000 

3.464 

8.000 

2.T72 

8,000 

8.080 

10,060 

8,888 

11.000 

8,686 

12,000 

4,004 

18,000 

4,818 

14.000 

4,620 

15^000 

4,028 

16.000 

6,286 

17.000 

6,544 

18.000 

5,852 

18.000 

6,160 

20.000 

^468 

21,000 

^776 

28,000 

7,084 

28,000 

7,882 

24.000 

7,700 

25.000 

8.006 

26,000 

JBIongation. 


Set. 


0. 

.0001 
.001 
.0011 


.0021 

.oral 

.008 
.008 
.0081 

.oral 

.004 
.004& 

.ora 

.007 
.0061 
.614 
.022 


041 


.ora 

.112 
.142 
.172 


aMOM. 


XlaotioUmit. 


flurlkoo  onolai  derelopod. 


Uliimato  BtroBcth. 


Irregular  fractare.    Yellowish  copper-colored. 


£> 


SEx»491 
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No.  22. 

» 

Tension  test 


Steel  Si  bap  No.  1. 

JHmeniions, 

A inch, 

B inches. 

CI do... 

C» do... 

D f «....do... 

Total  length,  44''.25. 

Seotional  area,  8'^05x'^lss8.05  aqaare  inches. 

Distance  between  faces  of  holders,  32'\5. 


1.00 
5.10 
l.GO 
L50 
10.40 


AppM 

loAda. 

HflMnrMBflBto  of— 

• 
« 

BikdluB. 

DiMiMtorD. 

PiMMUit. 

80.000 
28,000 
80.000 
86.000 
40,000 
60,000 
60,000 
70.000 
80.000 
88.000 

&10 
8i06 
4.86 
4.78 
4.46 
4.00 
8.70 
8.86 
8.06 

Jn^. 

Soale  itarU  off  of  bend  at  A. 

Cornon  C  depr«Mod  ".8. 

Conon  C  depreoied  ".85. 

Goners  C  deprMiad  ".60. 

Goniera  C  depreeeed  ".86. 

Cornen  G  depreMod  I'MO. 

Cornen  C  depreeeed  ]".26. 

Gornera  G  depreeeed  1"  86. 

Gornen  C  depreMod  1".46. 

Ultlmftle  sti«&gth  ■■  10,080  poonda  per  tqiiue  inch. 

ISLOO 

14.00 
14.40 

1 

1 

Strap  fractured  suddenly  at  CI. 

The  fracture  was  short  and  granular.  Along  the  line  of  junction  of 
the  straight  and  semi-cylindrical  parts  on  the  upper  surface,  end  O, 
cracks  were  observed  to  open  under  70,000  pounds  tension. 

The  fracture  occurred  along  this  line,  and  through  the  cracks  thus 
opened,  which  from  their  color  showed  they  were  caused  during  forg- 
ing. 

The  metal  was  granular,  varying  from  fine  to  coarse,  in  passing  from 
the  upper  to  the  lower  surface. 

Shape  9f  sirup  §fUr  ^90  i9sii 
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No.  23. 
Tension  test. 
Stbel  Strap  No.  2. 


Jl inch..  .ft 

B inehM..  S.W 

€1 do....  l.fi 

C2 do....  L45 

D do....  laae 


Total  length,  ''43. 

Sectional  area,  ''8  x ''.06^7.80  sqnare  inches. 

Distance  between  faces  of  holders,  32^' A 


AppUad 
loads. 

• 
HaMnrmnento  of— 

Bamarka. 

BadiiuB. 

DiMDetarD. 

Foumda. 
18,000 
20,000 
28,000 
80,000 
86,000 
40,000 
60,000 
80,000 
70,000 
80.000 
80,000 
80,000 

Inehu. 

Indkct. 

Soala  starta  off  of  band  at  A. 

'"  i*05 
&00 
4.86 
4.80 
4.86 
8.86 
8.48 
8.18 
2.00 
2.86 

10.40 
10.70 
ILOO 
11.60 
12.16 
13.00 
18.80 
14.10 
14.66 
14.80 

Cornara  C  dapreaaad  ".25. 

Conan  C  dapreaaad  ".68. 

Cornara  C  dapreaaad  ".76. 

Cornara  C  dapraaaad  "1. 

Cornara  C  dapraaaad  1".20. 

Cornara  C  dapraaaad  1".28. 

Cornara  C  dapraaaad  1".28. 

Cornara  C  dapraaaad  1".83. 

Ultimata  atrancth  =s  18,640  pounds  par  aqnaia  fsah. 

Fractnred  suddenly  at  Gl. 

The  fracture  was  short  and  granular,  having  a  radiated  appearance, 
the  center  of  which  was  near  the  middle  of  the  upper  edge  of  the  fract- 
ure. 

''Lap"  marks  were  opened  "SS2  at  the  junction  of  the  straight  and 
semi-cylindrical  parts,  end  G2. 
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9 

TENSILE  TEST  OF  MILD  STEEL  SPECIMEN. 

[Sftme  metel  m  employed  in  strep  No.  1,  bat  not  from  strep  itself.] 

No.  15. 


Form  of  speoimen. 


JtfV 


N^ 


^ 


.^ 


y^ 


^  5T         -♦ 


?v 


■A 


Sectional  area,  ''Ix ''.897= .897  square  inch. 

The  elastic  limit  was  not  well  defined.  At  26,000  poand^  ss  28,990 
pounds  per  square  inch  the  rate  of  elongation  began  to  increase.  At 
31,000  pounds  ss  34,560  pounds  per  square  inch  rapid  elongation  was 
more  pronounced. 

Ultimate  strength,  53,700  pounds  =  59,870  pounds  per  square  inch. 

Elongation  of  inch  sections:  'M9,  ^'.31  ('^58  fractured  section),  '^24, 
'M9. 

Elongation  in  5  inches,  1^^51=30.2  per  cent. 

Area  at  fracture,  '^74x^^64=. 474  square  inch. 

Contraction  of  area,  47.2  per  cent. 

Appearance  of  fracture,  fine  silky  with  slight  lamination. 


TENSILE  TEST  OF  STEEL  SPECIMEN. 
[Cnt  from  end  02  of  strep  Ko.  2.  ] 

No.  24. 

Form  of  specimen. 


19^ 


X. 


23 


^ 


J^^ 


J^ 


::rx 


Sectional  area  ''.988x'^822=.8l2  square  inch. 

Decided  stretching  took  place  at  35,100  pounds  tension  =s  43,230 
pounds  per  square  inch. 

Ultimate  strength,  55,100  pounds  =  67,860  pounds  per  square  inch. 

Elongation  of  inch  sections :  'M6,  '^20,  '^25  ('^61  fractured  section), 
''.25. 

Elongation  in  5  inches,  1''.47  =  29.4  per  cent. 

Area  at  fracture,  ''.67  x ''.55=. 369  square  inch. 

Contraction  of  area,  54.5  per  cent. 

Appearance  of  fracture,  fine  silky. 
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10.— TEV8I0V  TB8T  07  TWO  BASS  0.  H.  8TBEL. 

fFoniidied  by  Norway  Scad  aad  Iimi  CoHipaay,  South  Booton,  MiMOnlimotti ) 

Farm  of  tpaoSmem, 


^ 


X 


No.  16. 

If  ark  on  bar,  13-1. 

Diameter,  I'MXX);  sectional  area,  .7854  square  inch. 

Ganged  length,  ''10. 


Appllod  kodo. 


Poundi, 
7R5 
7,854 
15.  TOP 
]»,685 
28,5«2 
27, 4« 
tl,416 
85.S4S 
39,270 
40.055 
40,841 
41,606 
42,412 
48,107 
48,082 
44,768 
45,558 
46,830 
47,124 
47,000 
48,605 
40,480 
50,266 
51,051 
51,886 
52,622 
53.407 
54,108 
54,078 
55,768 
56,540 
57.884 
58.120 
58.005 
108,600 


Pounds. 
11,000 
10.000 
20,000 
25,000 
30,000 
85,000 
40,000 
45,000 
60.000 
51,000 
62,000 
58,000 
54,000 
55.000 
56,000 
57.000 
58.000 
60,000 
60,000 
61.000 
62.000 
68.000 
64,000 
65.000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
78,000 
74.000 
75,000 
181. 010 


tloii. 


XlMtIo  limit 


liicromeier  remorod. 


Xntim*to  Btrangth. 


Elongation  after  fracture,  1''.52  s  15.2  per  cent. 

Elongation  of  inch  sections:  ".09,  ''.12,  ".11,  ".12,  ".14  (".29,  fraotnred 
section  ".30),  ".13,  ".13,  ".09. 

Diameter  at  fracture,  ".80. 

Area,  .5026  square  inch. 

Contraction  of  area,  36  per  cent 

Apx>earance  of  fracture:  granular,  radiating  from  a  dull  spot  "^  ec- 
centric.    Broke  square  across  bar. 
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No.  17. 

Mark  on  bar,  1233. 

Diameter^  1^^000;  sectional  area,  .7864  square  inch. 

OanpTPd  Ipnjrth,  'MO. 


Applied  kNultt. 

Blonga- 
tion. 

Bemarks. 

Total. 

Persqaara 
inoo. 

Pmmdi, 

PoundM. 

Inch, 

• 

• 

785 

10.000 

0. 

7,864 

10.000 

.0028 

lfi»7W 

20.000 

.0058 

10, 685 

25,000 

.0075 

33,668 

80.000 

.0006 

27.488 

36,000 

.0116 

20.854 

38.000 

.0180 

81,416 

40.000 

.0140 

82.201 

41.000 

.0145 

82.067 

42,000 

.0150 

SlMtio  limit 

88.772 

48.000 

.0160 

84.668 

44.000 

.0170 

86,848 

46.000 

.0180 

• 

86.128 

46,000 

.0105 

36^814 

47,000 

.0230 

87.600 

48.000 

.0280 

88.486 

40.000 

.0428 

80,270 

60.000 

.0792 

• 

40.066 

51,000 

.0075 

« 

• 

40.841 

52.000 

.1020 

41.626 

68,000 

.1060 

42.412 

54,000 

.1152 

43.107 

55^000 

.1220 

48.082 

66,000 

.1202 

44.768 

57.000 

.1850 

46,568 

58.000 

.1455 

46,830  * 

50.000 

.1580 

47.124 

60.000 

.1610 

Miorometer  romoved. 

48.605 

62.006 

.17 

60,266 

64.000 

.10 

51.836 

66,000 

.21 

58.407 

68,000 

.28 

54.078 

70.000 

.26 

56.548 

72.000 

.27 

58.120 

74.000 

.31 

Bar  reated  thirty  mlnatea. 

30.600 

70^000 

.38 

61.261 

78,000 

.87 

62.882 

80.000 

.41 

64.408 

82.000 

.46 

65.974 

84.000 

.50 

67.544 

86.000 

.54 

60.115 

fid.  000 

.62 

70.686 

00.000 

.70 

» 

76.200 

97.020 

Ultimate  atrength. 

Elongation  after  fractare,  1''.93  =  19.3  per  cent. 

Elongation  of  inch  sections:  'Ml,  ".17,  ."16,  ".18,  ".20,  ".21  (".37  fract- 
ured section),  ".24,  ".17,  ".13. 

Diameter  at  fracture,  ".83. 

Area,  .5411  square  inch. 

Contraction  of  area,  31.1  per  cent. 

Fractured  square  across  bar.  Granular  appearance,  radiating  from 
a  dull  spot  ".50  X  '^30,  this  spot  being  "^  eccentric. 

Chemical  analyses  of  bars  furnished  by  Mr,  George  H.  Billings, 


Teit  num* 
bar. 

Mark    ou 
bar. 

CarboD. 

Manfsa- 
neae. 

Silloon. 

16 
17 

18-1 
1288 

0.86 
0.47 

a58 
0.74 

0.005 
0.046 

^ 


446   TESTS  OF  IBON  AND  STEEL  AND  OTHER  MATERIALS. 


i 


I  5 

I 

H 


I 


3 


H 


e 
M 

I 


be 

•^^ 

CO 

2 


Chi 

O 

CO 
4/ 


O 
to 

o 
fS 

CO 
00 

>  S 
°°  £3 

^  2 


-5 


2S 


s 


9 


oo 


3  s 


•  ■ 

•  ■ 

S  8 

•  • 


ig 


I 
I 


0(4      PeJ       PE(      fci 


|I|M 


8 


i^W'IM^  ^■^■^^fci 


I 

• 


I 
S 


11 


<^ 


^i  S  i  § 

8*4^  («'  a'  t«r 

a«o  io  e  lo 

I 


£ 


I 


I  §  I  § 
\i  •$  4 


ii  i  §  § 

16'   If   ^  if 


I 


18    S    S    8 


•  • 


« 


^S   S   ;S   S 

1^     Ji     A     A 


i 

ii 


Ii 


8  bi^ 


[»-   fc» 


i:   r: 


« 


.9988 

'    •  f  •  • 


«o     e«     OT 


^.1 


»»       00 


i 


a 


1 


> 
9 

s 

9 

» 

o 
I 


g 


S 
8 


CO 


TESTS   OF   IRON  AND   STEEL   AND   OTHER   MATERIALS.       447 


I 

i 

m 

o 


i 

B 


e 

i 

3 

3 

0 

s 

s 
g 

s 


\ 


s  I 


M 


I 

I 

I 


/ 


I 


1 


,3 

as 


6 
t 

9 

ft* 
£ 


§ 

IS 


o 
••• 

& 

a 
o 


U 

a 


lir-S 


I 


t       •    •    • 

4  •    •    •    • 
•^    •    •    •    •  I 

•a  •  •  •  ' 

2  •     •     •     • 

5  •     •     •     • 

3  •    •    •    •  ^' 
J    •    1    •    • 

s  '  '  'Sis 
II  ii '  if  li  11  n 

^  X    X    X    X^^i^ 


3 


a 
e 


'       •      •       •       •  ^J       • 


Sm 

n 


1 


E§8§IS 


^|l 


d 


Ai 


•s§l§§s§ 


•8 


i 


I?    •    •    •    •iSJK 


I  91  91m  MOD  9 


SUES  • : 


I     • 

■9  •* 

•o    O 

o 

B 


e 

o 

^ 


-d 

o 

«6 


a 

CO 

S 
a 

1 


448   TESTS  OF  IRON  AND  STEEL  AND  OTHER  MATERIALS. 


13.— ADHE8I0H  OF  HAILS,  SFISIES.  AHD  SCEE WS  DT  VAEI0U8  WOODS. 

BXPEBIMENTS  ON TBE RESISTANCE  OF  CUTNJILS,  WISE  NAILS  {STEEL), 

SPIKES,  WOOD-SCREWS,  LAG-SCREWS, 

(The  experimento  were  made  in  the  foUowiDg  kinds  of  wood:  White  pine,  yellow 

pine,  chestnut,  white  oak,  laurel.) 


Bzperiments  were  made  with  single  nails,  spikes,  and  screws 
perpendicular  and  parallel  to  the  grain  of  the  wood;  also  with  cleats 
held  by  two  or  foar  nails. 

Cnt  nails  and  spikes  were  driven  with  the  taper  of  their  sides  or 
points  acting  lengthwise  the  grain  of  the  stick,  unless  otherwise  men- 
tioned in  the  details. 

Trials  were  made  with  cnt-nails  barbed. 

The  wood  employed  was  thoroughly  seasoned  dry  stocks,  excepting 
the  stick  of  chestnut,  which  was  unseasoned,  and  the  blocks  of  pine 
and  oak  which  were  exposed  to  the  tide- water  after  the  nails  had  been 
driven. 

The  adhesive  resistance  of  the  different  nails  and  screws  is  reduced  to 
pounds  per  square  inch  of  surface  in  the  wood;  computing  the  surface 
of  the  screws  from  the  cylindrical  surface  at  the  top  of  the  threads,  mul- 
tiplied by  the  length  driven,  deducting  from  this  area  the  surface  of  the 
points  of  the  screws  which  offered  no  resistance  in  the  wood.  The  same 
allowance  was  made  for  the  ))oints  in  computing  the  surface  of  spikes. 

Holes  were  bored  the  size  of  the  screw  at  the  root  of  the  thread,  or 
slightly  smaller,  for  all  wood-screws  in  hard  woods,  and  for  lag-screws 
in  both  hard  and  soft  woods. 

Few  sticks  were  experimented  upon,  as  it  was  considered  desirable, 
so  far  as  practicable,  to  obtain  for  comparative  results  the  resistance 
of  the  different-sized  nails  and  screws  in  the  same  stick.  The  cross-sec- 
tion dimensions  of  the  common  spikes  were  "M  x  '^50  and  of  the  rail- 
road spikes  ''.69  x  ''.69  by  6"  long. 

Dis^UBsUm  of  results. 

The  strength  of  timber  is  fonnd  to  vary  within  wide  limits,  not  only 
in  different  stick^of  the  same  species,  but  in  the  same  tree. 

The  results  here  presented  will  therefore  be  accepted  as  indicating  as 
clos^Iy  as  practicable,  yet  in  a  general  way,  the  comparative  resistance 
of  nails  and  screws  in  the  several  sticks  experimented  upon.  There 
are  certain  features,  however,  apparently  well  developed  by  these  tests 
which  may  be  enumerated  as  follows: 

The  method  adopted  of  reducing  the  adhesion  to  pounds  per  square 
inch  of  surface  in  the  wood  is  reliable  when  comparing  nails,  spikes,  and 
screws  among  themselves;  the  resistance  being  in  direct  proportion 
to  the  surfaces  in  contact. 

The  adhesion  of  nails  and  spikes  depends  upon  the  compression  of  the 
fibers  of  the  wood;  hence  increasing  this  compression  increases  the  ad- 
hesion up  to  the  limit  when  the  wockI  splits. 

The  compression  of  the  wood  at  right  angles  to  the  direction  of  the 
grain  appears  more  efficient  than  the  endwise  compression,  particularly 
in  the  white  and  yellow  pine|  therefore,  by  driving  the  nail  with  the 
taper  crosswise  its  adhesion  is  increased  provided  the  stick  does  not 
split. 
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Wire  nails  of  cylindrical  form,  and  spikes  of  uniform  section  above 
their  points,  offer  less  resistance  than  tapering  forms.  It  is  probable 
that  large  spikes  displace  too  much  wood  for  maximum  efficiency  in 
adhesion. 

Barbed  nails  in  white  pine  show  increased  resistance,  while  in  yellow 
pine  and  oak  the  resistance  is  much  diminished;  from  which  it  is  in- 
ferred that  exce]f>t  in  very  soft  wood,  barbing  is  a  disadvantage. 

Water-soaked  sticks  give  less  resistance  than  dry  wood. 

In  driving,  side  blows  of  the  hammer  obviously  shonld  be  avoided. 

The  average  adhesion  of  several  nails  drawn  at  the  same  time  is  less 
than  the  adhesion  of 'nails  drawn  singly. 

The  resistance  of  screws  per  i^quare  inch  of  surface  is  largely  in  ex- 
cess of  the  resistance  of  nails. 

The  adhesion  of  nails  is  principally  dependent  upon  the  friction  be- 
tween the  surface  of  the  nail  and  the  wood;  whereas  the  screw-threads 
enter  the  wood  and  depend  for  strength  upon  the  shearing  and  trans- 
verse resistance  of  the  fibers. 

The  disturbance  of  fibers  when  the  screws  are  drawn  takes  place  at 
a  distance  of  one  or  more  diameters  on  either  side  of  the  screw,  depend- 
ing upon  the  toughness  of  the  wood. 

[Kails  driven  io  white  pine  wood,  perpcndicolar  to  the  grain.    Drawn  out  parallel  to  their  length.] 

Dimensions  of  stick  A,  S'^xS",  by  72".26  long. 
Specific  gravity,  .4666. 


Size  of 
nails. 

Length 
driven. 

Snrfaoe 

of  nail  in 

wood. 

Adhesive  Tetistance. 

Remarks. 

Average. 

Total. 

Fersoaare 
inch  or  snr- 

Total. 

faoe  in  wood. 

Inehei. 

Sq.inehM. 

Poundt. 

Poundi, 

Pound*. 

8d. 

L5 

.705 

806 

' 

> 

8d. 

1.5 

.705 

264 

>  Same  nail. 

8d. 

1.6 

.705 

846 

I      817 

4 

> 

8d. 

1.5 

.705 

332 

8d. 

1.T5 

.705 

338 

0 

9U. 

1.76 

.857 

362 

] 

9d. 

1.75 

.857 

504 

\      390 

455 

9d. 

1.75 

.867 

840 

9d. 

L75 

.857 

866 

J 

10d.F 

2.25 

,991 

422 

' 

lOd.P 

2.25 

.907 

840 

>      407 

421 

10d.F 

2.26 

.907 

486 

10d.F 

2.25 

.967 

380 

3 

20  d. 

2.60 

1.56 

920 

•» 

• 

20  d. 

2.60 

1.55 

710 

>      74 

477 

20  d. 

2.50 

1.55 

770 

20  d. 

2.50 

1.55 

660 

^ 

S.  Ex.  36- 


29 
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{N»ilB  Aod  spikes  driven  in  the  suae  etick  of  white*pine  wchmI,  perpendtcolar  to  the  grain.    Ihraira 

out  parallel  to  tnoir  length.] 

I>inien8ions  of  stick  B,  7".94  x  7".94  by  72''^6  long. 
Specific  gravity,  .4717. 


Size  of 
nail. 

Length 
driven. 

Surface 

ofnailin 

wood. 

Adhesive  redistanoe. 

Bemarka. 

Average. 

Total. 

Total. 

Per  square 
inch  of  sur- 

» 

face  in  -wood. 

• 

Inehet. 

Sq,inehei. 

Pound$. 

Patmdt. 

Pound*. 

50  d. 

3.00 

2.64 

1,020 

^      915 

50  d. 

3.00 

2.64 

645 

347 

• 

50  d. 

3.00 

2.64 

882 

50  d. 

3.00 

2.64 

912 

50  d. 

4.00 

3.60 

1.844 

' 

50  d. 
50  d. 

4.00 
4.00 

3.60 
3.60 

1,396 
1,216 

>  1,305 

863 

50  d. 

4.00 

3.60 

1,264 

J 

60  d. 

3.00 

2.79 

980 

] 

60  d. 

3.00 

2.79 

1,056 

>      976 

350 

60  d. 

8.00 

2.79 

950 

eod. 

3.00 

2.79 

918 

60  d. 

4.00 

3.80 

1,160 

' 

60  d. 
60  d. 

4.00 
4.00 

3.60 
3.80 

1,275 
1,338 

\i,m 

340 

66  d. 

4.00 

8.80 

1,394 

i 

60  d. 

4.00 

3.80 

1,440 

' 

:  60  d. 
60  d. 

4.00 
4.00 

3.80 
3.80 

X492    ' 
1,510 

'  1,456 

370 

Comers  of  nails  barbed. 

60  d. 

4.00 

8.80 

1,382 

1 

■ 

[Nails  driven  oblique  to  line  of  pull  30  degrees.] 


60  d. 

4.00 

3.80 

00  d. 

4.00 

3.80 

60  d. 

4.00 

3.80 

820 

878 

1,056 


918 


Tears  up  the    wood    and 
bends  the  nalL 


[Nails  driven  with  taper  crosswise  the  grain.] 


60  d. 

4.00 

3.80 

1.744 

1 

60  d. 
60  d. 

4.00 
4.00 

3.80 
3.80 

1,836 

1,848 

\  1,749 

460 

60  d. 

4.00 

3.80 

1,670 

J 

[Nails  driven  parallel  to  the  grain.] 


8d. 
Bd. 
8d. 
8d. 
8d. 

Od. 
9d. 
9d. 
9d. 

lOd.F 
10d.F 
10  d.  F 
10d.F 

20  d. 
1:0  d.. 
20  d. 
20  d. 


1.50 
1.50 
1.50 
1.50 
1.50 

1.75 
1.75 
1.75 
1.76 


2.50 
2.50 
2.50 
2.50 


.705 
.705 
.705 
.705 
.705 

.857 
.857 
.857 
.857 


2.25 

.067 

222 

2.25 

.967 

168 

2.25 

.967 

318 

2.25 

.967 

262 

1.55 
1.55 
1.55 
1.55 


114 
168 
124 
109 
64 

205 
188 
188 
150 


134 


190 


336 
426 
355 
860 


I  Driven  within  i"  of  a  star 
check. 
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Siseof 
naU. 

driven. 

Surface 

of  nail  In 

wood. 

AdheHive  resistance. 

Remarks. 

Total 

Average. 

Per  square 

Total    !  inch  of  anr- 

. 

face  in  wood. 

1 

Jnehet. 

Sq.inehet. 

Pounds. 

Pounds. 

Pounds. 

60  d. 

8.00 

2.64 

492 

] 

60  d. 
50  d. 

3.00 
3.00 

2.64 
2.64 

870 
533 

506                    192 

Split  the  wood. 

sod. 

8.00 

2.64 

632 

1 
1 

50  d. 

4.00 

3.60 

736 

50  d. 
50  d. 

4.00 
4.00 

8.60 
a.60< 

808 
600 

^      603    ,                 192 

Do. 

sod. 

4.00 

•8.60 

S33 

' 

60  d. 

8.00 

2.79 

622        1 

60  d. 

8.00 

2.79 

449      , 

60  d. 

8.00 

2.79 

280        ^      456 

164 

Driven  close  by  a  star  check. 

60  d. 

8.00 

2.79 

446 

60  d. 

8.00 

2.79 

495 

60  d. 

4.00 

8.80 

898 

" 

60  d. 

4.00 

3.80 

948 

>      842 

222 

60  d. 

4.00 

3.80 

674 

60  d. 

4.00 

8.80 

846 

t 

60  d. 

4.00 

8.80 

625 

\ 

60  d. 
;  60  d. 

4.00 
4.  CO 

3.80 
3.80 

640 

610 

>      681 

166 

Barbed. 

60  d. 

4.00 

3.80 

648 

i 

[Steel  wire  nails  driven  perpendicular  to  the  grain.    Stick  B.] 


Length 
of  nail. 


Length 
driven. 


Inches. 
3.00 
3.00 
8.00 
3.00 


Inches. 
2.00 
2.00 
2.00 
2.0O 


Adhesive  resistance. 


Surface 

of  nail  in 

wood. 


Average. 


Total. 


So.  inch. 
.83 
.P3 
.63 
.83 


Pounds. 
I         138 
I  142 

I  142 

I  134 


Total 


Pounds. 


139 


Per  square 
inch  of  sur- 
face in  wood. 


Pounds. 
167 


Remarks. 


[Driven  parallel  to  grain.] 


3.00 

2.00 

.83 

112 

" 

1 

8.00 
8.00 

2.00 
2.00 

.83 
.83 

78 
110 

i      106 

126 

1 

1 

3.00 

2.00 

.83 

118 

J 
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SPIKES. 


t 

I. 


Sir 


-^ 


r  ^ 


[Driyen  perpendioiilar  to  the  grain.    Stick  B.J 


Lenffth 
spike. 

Length 
driven. 

Snrfftoe 
of  spike 
in  wood. 

Adhesive  resistance. 

Bemarks. 

Total. 

Average. 

Total. 

Per  sqnare 
inch  ox  sur- 
face in  wood. 

aoo 
aoo 
aoo 
aoo 

InehM, 
4.00 
4.00 
4.00 
4.00 

aoo 
aoo 
aoo 
aoo 

Pounds, 
1,060 
1.668 
1,685 
1.422 

Pounds, 

\  1,466 
J 

Pounds, 
224 

[Driven  parallel  to  the  grain.] 


aoo 
aoo 

4.00 
400 

a60 
a6o 

430 
476 

1        453 

70 

[Bailroad  spikes  driven  perpendicular  to  the  grain.    Stick  B.] 


e" 


^^^r^ 


a*£ 


Length 
spike. 

• 

Length 
driven. 

SnrfiMse 
of  spike 
in  wood. 

Adhesive  resistance. 

Bemarks. 

Total. 

Average. 

TotaL 

Per  sqnare 
inch  of  sur- 
face in  wood. 

Inekss, 
6 
6 
6 
6 

Inehes. 
a  76 
a  75 
a  76 
a76 

8q,in«hss. 
a96 
a96 
a96 

a96 

Pounds, 
1.250 
1,320 
1.980 
2,740 

Pounds. 
\  1,823 

Pounds, 
262 

5  Not  well  driven ;  aide  blows 
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Stick  B. 


[Nails  and  spikes  driyen  into  the  wood  perpendlcnUr  to  the  grain,  when  it  was  dry.  The  stlok  was 
then  placed  wnere  exposed  to  tide-water  and  air,  alternately,  and  allowed  thas  to  he  intermittingly 
wet  for  a  period  of  thirteen  days,  and  then  tested.  1 


NAILS. 


Siseof 
nail. 

Length 
driven. 

SarfMie 

of  nail  in 

wood. 

Adhesive  resistanoe. 

Semarks. 

Total. 

Average. 

Total. 

Per  souare 
inch  of  sar. 
face  in  wood. 

60  d. 
60  d. 
60  d. 
60  d. 

Inehss. 
i.00 
4.00 
4.00 
4.00 

Sq.inehes. 

aso 

8.  SO 

a80 

8.80 

Pounds. 
746 
715 
745 
790 

Pounds, 
i      747 

Pounds, 
107 

SPIKBS. 


8^.00 
&00 

4.00 
4.00 

6.60 
6.50 

1,550 
1,448 

}  1,499 

281 

The  above  nails  when  withdrawn  showed  no  signs  of  rust  on  the  sur- 
face which  was  in  the  wood.  The  stick  was  apparently  water-soaked 
as  deep  as  the  nails  were  driven. 

Stick  B. 


(Yellow  nine  cleats  2P'  thick,  nailed  with  60d.  nails,  driven  B"  into  the  white  pine  perpendicnlar  to 
tiie  grain,  the  taper  of  the  nails  being  crosswise  the  grain  of  the  white  pine.] 


No.  of 
nails. 

How  driven. 

Surface 

of  nails  in 

wood. 

Adhesive  resistance. 

Semarks. 

TotaL 

Average. 

Total. 

Per  square 
inch  of 

surface  in 
wood. 

2 
2 
2 
2 

4 
4 
4 
4 

2 
2 
2 
2 
2 

4 
4 
4 
4 

Perpendicularly 

8q.  inehss. 
5.58 
6.58 
5.58 
5.58 

1L16 
11.16 
1L16 
11.16 

5.58 
5.58 
5.58 
5.58 
5.58 

11.16 
11.16 
1L16 
1L16 

Pounds. 
1,267 
1,863 
1,386 
1,305 

2,278 
2,780 
2,860 
2,275 

2,240 
1,21U 
1,746 
1,897 
894 

2,590 
2,485 
2,874 
8,490 

Poundi. 

>  1,448 

4 

'    2,421 

4 

►  1,778 

894 

*    2,860 

Pounds. 
259 

217 

818 
160 

266 

^One  of  these   nails 
(    split  the  wood. 

^Odd  stick  of  white 
\    pine. 

^Split  the  wood    in 
;    drawing. 

....do 

....do  ........... 

....do 

••••do  .••.•«••••• 

....  QO  ........... 

....do 

Ohliqne20o 

....do 

.... QO  ........... 

....do 

•...do  ..... ...... 

....do  ........... 

....  do  ........... 

....do 

....do 
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1"  lag'tertm  dHetn  perptniUiiUtr  U>  Ike  grain.    Stick  C. 


tf  Jhrsadr  per  irteJ^. 


[Wood-MMin  drlTin 
bcved  to  r«o«1va  thsm. 
belbn  drivtDB-    Ths  (• 


D  rsIlDw  pine  wood.  perpvadlciilK  to  the  cnin. 

fl  dsptli  u  the  langUi  dr" "-^ 

■  -* ' 'lyM  u  ir 


wood  empk^M  u  irl 


lenailtcM*.    Stick 


11  team  have  t 
I  «MMd  with  U 
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PeTMinan 


LAf-Mrew*  ifr<(im  ptrpendieular  to  At  grain,     SHek  D. 


tThreadt  -par  in«H. 


(t) 

B.00 

8.00 

i 

G.H 
6.00 

11,  zw 

\     «7TT 

nt 

'  lUa  lerair  ipllt  tbe  cnln  12"  on  ( 
t  Split  Uk  Rn&i  4"  Moh  (Ida  of  tha 


dther  alda  ftt  the  atuftm  of  tba  lUck. 


Dimensions  of  yellow-pine  stick  E,  used  in  the  following  test: 

Length,  10".9xl0".9  by  48".10. 

Specific  gravity,  .6428. 

m»te  of  growth,  11  rings  per  inch. 
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Lag-icrmBt  drivtH  ptrptHtUeuUir  lo  the  graiit. 

I 


^Thrvailt  ^mr  inrh. 


•In  oompatfiif  thtt  HiTfcao 
[Wood  gerevi  drivea  in  white  oak  plaok,  perpandicnlH  !o 

Dimensioos  of  plaok  ti:  3"xS"  by  72" .625  long. 

Specific  gravity,  .8240. 

Bate  of  growth,  6  riogs  per  incb. 
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fWood  8or«wB  drlTen  in  California  Innrel  wood,  perpendionlnr  to  the  grain,  drawn  paimllel  to 
length.    Same  stick  of  wood  employed  in  teat  No.  ttSl,  Report  of  teaU  for  1883.] 

Dimensions  of  stick :  4"  x  6''  x  40"  long. 

Specific  gravity,  .7190. 

Biftte  of  growth,  14  rings  per  inch. 


Namber 
of  screw. 

Length  of 
screw. 

Diameter 
of  hole. 

Ijength 
driven. 

i 

1 

SarfiMseof 

screw  in 

wood. 

AdhesiTe  raeiatance. 

1 

Total 

Ayerage. 

1 

Per  aqnan 

1      -.  ...      1 

incbof     > 

xoiai. 
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.1 

I 
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Inch. 
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ADHESIVE  RESISTANCE  OF  NAILS,  SPIKES,  AND  SCREWS  IN  VARIOUS 

WOODS, 

fOeneral  arerages.] 


Kind  of  wood. 


White  pine,  atiok  A 
Whit%  ptne.  sliok  B 

Do 

Do 


Do. 

Do. 

Do 

Do. 

Do. 

Do. 


Do 

White  pine,  stick  C  . 

YeUow  pine,  stick  D. 

Do 

Do 


Do. 
Do. 
Do. 
Do. 


Yellow  pine,  stick  B . 
Do 


White  oak,  stick  F 

Do 

Do 


Do. 
Do. 
Do. 


White  oak,  plank  G 
Chestnut 

Do 

Do 


Do 

California  lantel , 

Do , 

Do 


Kind  of  nail,  spike,  or  screw. 


Cut  nails J 

do 

Cnt  nails  with  comers  harbed 

Cat  nails  driren  with  taper  crosswise 

the  grain. 

Steel  wire  nails 

Common  spikes ,. 

Railroad  spikes 

Wood  screws 

Lag-screws  I"  diameter 

Lag-screws  \'  diameter;  5  threads  per 

inch. 
Lag-screws  I'' diameter ;  6  threads  per 

inch. 
Lag-screws  1"  diameter ;  4  threads  per 

inch. 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driren  with  taper  crosswise 

the  grain. 

Steel  wire  nails 

Common  spikes 

Wood  screws 

Lag-screws  1"  diameter ;  4  threads  per 

inch. 

Common  spikes 

Lag-screws  1"  diameter;  4  threads  per 

inch. 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driven  with  taper  crosswise 

the  grain. 

Steel  wire  nails 

Common  spikes 

Lag-screws  1"  diameter ;  4  threads  per 

inch. 

Wood  screws 

Cut  nails 

Cut  nails  with  comers  barbed 

Cut  nails  driven  with  taper  crosswise 

the  grain. 

Common  spikes 

Cut  nails        

Steel  wire  nails 

Wood  screws 


Average  adhesiye  resist- 
ance per  square  inch  of 
suT&M  in  wood. 


Driven  per> 

pendioularto 

the  grain. 


PoundB. 
451 
360 
870 
400 

107 
224 
202 
026 
070 
880 

867 

661 

081 
478 

708 

%18 

432 

1,488 

033 

820 
001 

1,105 

840 

1,158 

940 

704 

1,171 

2,508 
083 
018 
736 

720 
1,170 

Oil 
2,838 


Driven  par- 

aUel  to  the 

grain. 


Pottfidt. 


208 
100 


120 
70 


064 


680 
387 


262 

i'iii' 


1,070 
700 


802 


851 

048 


PUOTOGBAPH,  SHOWING  SECTION  THBOUGH  HOLE  IN 

WHITE  PIKE  STICK,  AFTER  DRAWING 

1  INCH  LAG  BCBEW. 


PHOTOGBAPH,  SHOWING  SECTION  THROUGH  HOLE  IN 

WHITE  OAK  STICK,  AFTER  DRAWING 

1  INCH  LAO  SCREW. 


8t 

R 
ol 
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14— HEMP  AHB  MAHUA  COSBAGE. 

[Specimens  reoeired  Aroiii  Capt  E.  P.  LaU,  IT.  8.  K.] 

The  rope  was  made  at  the  Boston  navy-5'ard,  and  had  been  kept  in 
store  at  the  Washington  navy-yard  a  period  of  ten  years,  except  the 
Eussia  hemp,  which  was  from  the  lot  of  rope  exhibited  by  Both  &  Co., 
of  St.  Petersburg,  at  the  foreign  exhibition  held  in  Boston  in  1883. 

It  was  tested  to  ascertain  whether  it  was  now  serviceable  or  had  de- 
teriorated daring  this  period. 

The  standard  breaking  strength  of  these  sizes  (new  rope)  was  fur- 
nished by  Commander  C.  V.  Gridley,  TJ.  S.  K,  as  follows: 


Kind  of  rope. 


3-8tx«Ddixianila. 

Do 

Do 

8-8trand  hemp.. 

Do 

Do 

4-atrandbemp.. 

Do 

Do 

Bolt  rope 


Cironmfer- 
enoe. 


Inehu. 


BreakloK 

Weight  per 
faUiom. 

load. 
Pimndt. 

PoundM. 

S.600 

2.18 

8.500 

2.46 

7,760 

2.65 

8,500 

2.40 

9.700 

2.98 

10,900 

3.59 

7,800 

1.78 

8,950 

2.76 

9.930 

8.70 

9.800 

2.85 

The  rope  was  secured  in  the  testing  machine  either  with  a  hitch  made 
by  taking  a  round  turn  over  a  ^''  pin  held  from  turning  and  then  making 
fast  the  end  to  a  smaller  pin,  or  by  passing  the  ends  over  3^''  thimbles 
and  securing  to  the  standing  part  by  means  of  seizing.  Pins  passing 
through  the  thimbles  secured  them  to  the  testing  machiue. 

There  was  a  disposition  to  draw  the.  ends  through  the  seizing,  which 
was  overcome  by  making  a  becketknot  in  the  ends  and  tucking  a  strand 
from  another  rope  through  the  standing  part  between  the  seizing  and 
the  thimbles.  Chalking  the  rope  was  found  to  diminish  the  tendency 
to  slip  in  the  seizing. 

The  method  of  securing  by  means  of  seizing  developed  greater 
strength  than  when  the  hitch  was  employed.  In  each  case,  however,  * 
the  strength  of  the  manila  exceeded  the  standard  breaking  strength  of 
new  rope,  and  when  seizing  was  employed  the  hemp  exceeded  the 
standard;  but  with  the  hitch  the  hemp  showed  less  strength  than  the 
manila. 

Bopes  generally  part  in  the  fastenings,  and  the  kind  of  hitch  em- 
ployed exerts  a  decided  influence  in  their  apparent  strength.  It  does 
not  seem  practicable  to  employ  a  hitch  that  shall  strain  the  strands  as 
evenly  as  they  are  laid  in  the  rope. 

It  is  seen  th&t  the  relative  strength  of  manila  and  hemp  rope  is  changed 
by  different  fastenings. 

Manila  rope  possesses  greater  ability  to  stretch  than  the  hemp,  in 
consequence  of  which  it  more  readily  adapts  itself  to  the  uneven  pull 
of  the  strands  at  the  fastening. 

The  ropes  gave  the  highest  results  which  did  not  slip  in  the  fasten- 
ings during  the  test. 

Where  slipping  occurred  the  ifighest  load  was  generally  reached  be- 
fore the  slipping  began. 
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HEMP  AliD  MANILA  COMDAGE. 

No.  189.    (Navy-yard  No.  93.) 

^",  3  strands.  ^^*^  '''^' 

27  yams  per  strand. 
Elongations  measared  in  5  feet. 


Applied 
loads. 

Elongation. 

Bemarks. 

Powid$. 

P«r  etfit 

1,000 

4.2 

2,000 

6l7 

3,000 

&8 

4,000 

10.0 

■ 

5,000 

11.7 

6,000 

12.5 

7.000 

18.7 

8,000 

14.2 

9,000 

15.0 

11,700 

Breaking  load. 

Parted  1  strand  at  seizing. 

No.  190.    (Navy.yard  No.  94.) 

3J'S  3  strands.  ^^*^  '''^'^' 

27  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Klongation. 

Bamarks. 

Poundt. 

Peretnt, 

1,000 

2.1 

2,000 

4.2 

3,000 

6l7 

4,000 

&3 

5,000 

10.4 

6,000 

11.4 

7,000 

12.5 

8,000 

13.0 

9,000 

14.1 

11,000 

Breaking  load. 

Parted  1  strand  at  seizing. 

No.  191.    (Navy-yard  No.  94.) 

3r ,  3  strands.  ^^^*^  '''^''' 

27  yarns  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measared  in  4  feet. 


Applied 

Elongation. 

Bemarks. 

1 

Paundt. 
1,000 
2.000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
0,960 

PtretnL 

4.7 

7.3 

0.9 

12.5 

14.1 

14.6 

16w8 

16.7 

• 
Breaking  load. 

Parted  2  strands  at  seizing. 


TESTS   OF   IRON  AND   STEEL   AND    OTHER   MATERIALS.      479 

No.  192.    (Navy-yard  No.  94.) 

Manila  rape, 
2i",  3  strands. 
27  yarns  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measured  in  4  feet. 


1 

Applied 
loads. 

Blongation. 

Beinftrks. 

1 

Pounds, 

Per99fU. 

1,000 

5.4 

2.000 

8.1 

8.000 

10.4 

4,000 

12.3 

5,000 

14.6 

e,ooo 

16.4 

7,000 

16.1 

8,000 

17.2 

10.550 

• 

Breaking  load. 

Parted  1  strand  at  seizing.    . 

No.  193.    (Navy-yard  No.  122.) 

'  Manila  rape. 
3i'',  3  strands. 
25  yapns  per  strand. 
Strands  laid  one  turn  in  3  inches. 
Elongations  measured  in  4  feet. 


i     Applied 
1       loada. 

Slonication. 

Poundt. 

Per0Mit. 

1,000 

4.2 

2,000 

6.8 

■ 

8,000 

&9 

4,000 

10.6 

5,000 

12.3 

6,000 

13.6 

7,000 

14.6 

8,000 

16.4 

10,100 

..J. 

Breaking  load. 

Parted  2  strands  at  seizing. 

No.  194.    (Navy-yard  No.  122.) 

Ma/nila  rape. 
Sy^j  3  strands. 
25  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Elongation. 

ufub. 

Percent, 

1.000 

4.7 

2,000 

7.1 

8.000 

a8 

4,000 

10.4 

6.000 

12.0 

6,000 

18.6 

7,000 

14.4 

8,000 

14.6 

9,960 

Bemarks. 


Breaking  load. 


Parted  2  strands  at  seizing. 


_      J 
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3J'',  3  Strands. 

25  yarus  per  strand. 

Elongations  measured  in  4  feet. 


No.  195.    (Navy.yard  No.  122.) 
Manila  rape. 


Applied 
loads. 


ElongatioD. 


Bemfrkft. 


Pound*. 
1,000 
2,000 
8,000 
4,009 
6,000 
8,000 
7,000 
8,000 
9,980 


Percent 

4.7 

7.3 

9.9 

11.7 

13.8 

14.8 

16.6 

16.1 


Breaking  load. 


Parted  1  strand  at  seizing. 


No.  196.    (Navy.yard  No.  121.) 
Manila  rope. 


3f '',  3  strands. 

33  yarns  per  strand. 

Strands  laid  one  turn  in  3^  inches. 

Elongations  measared  in  t^  feet. 


Bemarka. 


Pov^ndM, 
1,000 
2,000 
8,000 
4.000 
6.000 
6,000 
7,000 
8.000 
10. 8U0 


Failed  at  the  knot. 


33",  3  strands. 

33  yarns  per  strand. 

Elongations  measured  in  4^  feet. 


No.  197.    (Navy-yard  No.  121.) 
Manila  rope. 


Applied 
loads. 

Elongation.  ' 

Poundi. 
1,000 
2,000 
8,000 
4.000 
6,000 
6,000 
7,000 
8,000 
11,800 

Percent. 

3.7 

6.6 

7.2 

8.6 

10.0 

11.3 

12.0 

13.0 

Breaking  load. 

Bemarka. 


Parted  1  strand  at  seizing. 
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3f '',  3  Strands. 

33  yarns  per  strand. 

Elongations  measared  in  4^  feet. 


No.  198.    (Navy-yard  No.  121.) 
Manila  rope. 


Applied 
loada. 

Elongation. 

Remarks. 

Powndi, 

Pwre^tU, 

1.000 

4.2 

2,000 

&3 

3.000 

7.0 

4,000 

9.7 

( 

5,000 

11.1 

1 

8,000 

11.6 

7.000 

18.0 

8,000 

13.9 

9.000 

14.8 

10,000 

15.3 

1 

11,900 

'  Breaking  load. 

Parted  1  strand  at  seizing. 

No.  199.    (Navy-yard  No.  120.) 

3r,  3  stranda.  ^^^^^  ^^^- 

31  yams  per  strand. 
Strands  laid  one  torn  in  3^  inches. 
Elongations  measured  in  6  feet. 


^ss^ 

Elongation. 

Remarks. 

Pounds. 

PeromU. 

1,000 

4.9 

2,000 

7.3 

3,000 

9.2 

4.000 

10.8 

5.000 

11.9 

e.000 

13.2 

7,000 

14.2 

8,000 

15.1 

9,000 

15.8 

10,000 

16.3 

11.050 

Breaking  load. 

Parted  1  strand  at  seizing. 

No.  200.    (Navy-yard  No.  120.) 

3^'S  3  strands.  ^«^*'^  ^^^' 

31  yarns  per  strand. 
Elongations  measared  in  5  feet. 


Applied 
!        loads. 

Elongation. 

Remarks. 

Ptmndi. 

1     Per  cent. 

i            1.000 

4.2 

» 

2,U00 

6.2 

3.000 

8.2 

4,000 

0.6 

6,000 

11.0 

6.000 

12.1 

7,000 

13.2 

8.000 

14.0 

'.         9,000 

14.6 

10,000 

15.2 

* 

11,400 

Breaking  load. 

1 

Parted  1  strand  in  standing  part,  2  feet  from  seizing. 
S.  Ex.  35 31 
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3i"j  3  Strands. 

31  yams  per  strand. 

Elongations  measured  in  5  feet. 


No.  201.     (Ifavy-yard  No.  120.) 
Manila  rape,  ^ 


Applied 
loads. 


Pounds. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,100 


Elongation. 


PereerU. 

4.8 

6.6 

8.2 

9.8 

10.8 

12.8 

12.0 

13.7 

14.8 

16.4 


Bemarks. 


Breaking  load. 


Parted  1  strand  midway  length  of  standing  part. 

No.  202.    (Navy.yard  No.  118.) 

Manila  rope. 
3i'S  3  strands. 
24  yams  per  strand. 
Strands  laid  one  tum  in  3  inches. 
Elongations  measared  in  5  feet. 


AppUed 
loads. 

Elongation. 

Remarks. 

Poundt. 
1.000 
2,000 
3,000 
4,000 
6.000 
6,000 
7,000 
8,000 
9,860 

Percent. 
6.0 
7.9 
10.2 
12.7 
13.7 
l&O 
16.8 
16l7 

Bxeaking  load. 

Parted  1  strand  at  the  seizing. 

No.  203.    (Navy-yard  No.  118.) 

Manila  rope. 
3i",  3  strands. 
24  yarns  per  strand. 
Elongations  measured  in  4^  feet. 


AppUed 
loads. 

t 

Elongation. 

Bemarks. 

Pounde. 

PereenL 

1,000 

4.4 

2,000 

7.2 

8,000 

9.4 

4,000 

11.8 

5.000 

18.1 

6.000 

14.4 

7,000 

15.6 

8,000 

16.2 

9,960 

Breaking  load. 

Parted  1  strand  at  the  seizing. 
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No.  204,    (Navy-yard,  No.  118.) 

3J^  3  fltrands.  ^^^*^  ^^^- 

24  yarns  per  strand. 
Elongations  measured  in  5  feet. 


A               HI        3 

Applied 
loads. 

Elongatioii. 

Remftrka. 

Poundf. 

PtretnL 

1,000 

4.6 

2,000 

7.6 

3,000 

9.6 

4,000 

11.7 

5,000 

18.8 

0,000 

14.0 

7,000 

16.0 

8,000 

16.8 

9  060 

Breaking  IimuI. 

Parted  1  strand  at  the  seizing. 

No.  !b05.     (Navy-yard  No.  119.) 

3i^  3  strands.  ^^'^^^  '''^'^' 

34  yams  per  strand. 
Strands  laid  one  turn  in  3i  inches. 
Elongations  measured  in  o  feet. 


Applied 
Ibads. 

1 
Blongation.                                     Bemarka. 

Poufidf. 

PtremU. 

1,000 

5.0 

2,000 

7.8 

8,000 

9.0 

4,000 

10.5 

.      6,000 

18.1 

6,000 

18.7 

7,000 

14.6 

8,000 

1&6 

9,000 

16.8 

10,000 

17.0 

11,860 

Breaking  load. 

Partx 

3d  1  strand  at  the  seizing. 

No.  206.    (Navy.yard  No.  119.) 

3i'S  3  strands.                      ^^*^  ^^J'^- 

34  yarns  per  strand. 

Elon 

gations  measured  in  7^  feet. 

'^SSds!^        Elongation.                                      Remarks. 

Powndt. 

Ptrcent. 

1,000                  2.7 

2,000                   6.6 

8,000                  7.1 

4.000 

&4 

6,000 

9.9        1                                                                                                1 

6,000 

ILl 

7,000 

11.9 

8,000 

12.8 

9.000 

13.9                                                                                                    1 

9,400 

Breaking  load. 

1 
1 

Parted  1  strand  at  the  seizing. 

Fraetnred  end  prepared  for  2d  test  with  a  spliced  eye  (tucked  twice). 

Breaking  load  9,900  pounds. 

Fractur^  standing  part  2  feet  from  the  spliced  eye. 
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No.  207.    (Navy.yard  No.  117.) 
Manila  rope. 


Si"y  3  Strands. 

24  yarns  per  strand. 

Strands  laid  one  turn  in  3^  inches. 

Elongations  measured  in  4}  feet. 


Applied 
loads. 


Poundt, 
1,000 
2.000 
3,000 
4.000 
5,000 
6,000 
7,000 
8.000 
10,400 


Elongation. 

1 

Per  Mnt 

e.0 

&8 

10.6 

12.5 

18.4 

14.4 

1           15.0- 

1           15.7 
t,,,.,, 

Breaking  load. 

1 

Parted  1  strand  near  middle  of  standing  part. 

No.  208.    (Navy-yard  No.  117.) 

Manila  rope, 
3i",  3  strands. 
24  yams  per  strand. 
Elongations  measured  in  4^  feet. 


Applied 
loads. 

Elongation. 

Bemarks. 

Poundt. 

PereenL 

1,000 

4.8 

2,000 

7.4 

3,000 

9.7 

« 

4,000 

12.2 

" 

5.000 

18.7 

6.000 

14.6 

7,000 

15.7 

8,000 

16.5 

10,820 

Breaking  load. 

Parted  1  strand  at  the  seizing. 

No.  209.    (Navy  yard  No.  117.) 

Manila  rope. 
3i'S  3  strands. 
24  yarns  per  strand. 
Elongations  measured  in  4^  feet. 


Applied 
loads. 

Elongation. 
Percent. 

Remarks.                                    , 

Pounds. 

1,000 

4.8 

2.000 

7.9 

3,000 

10.6 

4.000 

12.5 

5,000 

13.9 

6.000 

15.0 

7.000 

16.2 

8,000 

16.8 

10,750 

Breaking  load. 

Parted  1  strand  at  the  seizing. 


TESTS   OF   IRON   AND    STEEL   A^D   OTHER   MATERIALS.      485 


No.  210.    (Navy.yard  No.  115.) 
Manila  rope. 


3\"y  3  strands. 

24  yarDS  per  straod. 

Strands  laid  one  turn  in  3  inches. 

Elongations  niQasared  in  5  feet. 


Applied 

EloBgatlon. 

Remarks. 

Poundt. 

P«r«anf. 

1«000 

6.2 

2.000 

7.8 

8.000 

0.8 

4,000 

12.1 

S.0OO 

18.3 

6,000 

14.8 

7,000 

lfii7 

8,000 

1&2 

, 

1         10,420 

1 

t 

Breaking  load. 

Parted  1  strand  at  the  seizing. 

No.  211.    (Navy  yard  No.  115.) 

Manila  rope, 
S^"j  3  strands. 
24  yams  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Elongation.                                      Remarks. 

1 

Pound*. 

PeremL 

1,000 

4.6 

2.000 

7.3       1 

8,000 

9.3        ' 

4.000 

11.6 

8,000 

18.2 

8,000 

14.6 

7.000 

16.7 

8.000 

16.2 

0,960 

Breaking  load. 

Parted  1  strand  at  the  seizing. 

No.  212.    (Navy-yard  No.  115.) 

Manila  rope, 
3y'y  3  strands. 
24  yams  per  strand. 
Elongations  measured  in  4^  feet. 


AppUed 
iSds. 

Blongation. 

Remarks. 

1 

Potmdt, 

PtreonL 

t 

1.000 

6.0 

• 

2.000 

&8 

1 

8,000 

11.1 

4,000 

18.0 

6,000 

14.8 

1 

6.000 

16.9 

7.000 

17.1 

1 
1 

8.000 

18.1 

9.400 

Breaking  load. 

Parted  1  strand  at  tht  seizing. 
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No-  213.    (Navy-yarcl  No.  83.) 
Hemp  rope. 


3^", 

4  strands. 

33  yarns  i)er  st 

rand. 

Elangation. 

Applied 
loada. 

• 

Breaking  loftd. 

RemOTke. 

Pound: 
1.000 
2.000 
3.000 
4.000 
6,000 
6.000 
7.000 
14.200 

PereenL 
2.6 
3.0 
S.2 
6.0 
6.8 
7.3 
8.1 

Parted  3  strands  in  front  of  the  eye. 


'^"j  4  strands. 

yams  per  strand. 
Elongations  measured  in  3^  feet. 


No.  214.    (Navy.yard  No.  83.) 
Remp  rope. 


AppUed 
loads. 

Poundt. 

Elongation. 
Per  cent. 

1 
1 

1.000 

2.6 

1                   • 

2.000 

4.2 

8,000 

6.0 

4.000 

5.7 

1 

5,000 

6.2- 

( 

6,000 

6.9 

1 

7,000 

7.4 

1 

8,000 

&1 

12.800 

.....>......- 

.    Bmvkinc  load. 

Bemarks. 


Parted  1  strand  in  front  of  the  eye. 


^"^  4  strands. 

33  yarns  per  strand. 

Elongations  measured  in  3^  feet. 


No.  215.    (Navy-yard  No.  83.) 
Hemp  rope. 


Applied 
loads. 


Pounds. 
1,000 
2,000 
3,000 
4,000 
6,000 
6.000 
7.000 
8.000 
13,560 


Elongation. 


Per  cent. 
3.3 
4.6 
5.3 
6.2 
6.9 
7.4 
7.7 
8.8 


Bemarks. 


Breaking  load. 


Parted  2  strands  in  front  of  the  eye. 
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No.  216.    (Navy-yard  No.  84.) 

r,  4  Btrands.  ^^^  ^^^- 

yarns  per  strand. 
Elongations  measured  in  4  feet. 


IppUed 
loads. 

Elongation. 

Bemarks. 

Pounda. 

Ptreent, 

1,000 

2.0 

2,000 

4.2 

3,000 

5.2 

4.000 

6.7 

&.000 

6.4 

6,000 

7.3 

7,000 

7.8 

8.000 

8.8 

12,000 

Sustained  this  load,  then  slipped  in  the  seisins. 
End  knotted,  the  rope  then  parted  under  11,000 

1 

pounds  pull. 

No.  217.    (Navy.yard  No.  84.) 

3|'S  4  strands.  ^^^  ^'^^• 

33  yams  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Poundi, 

Elongation. 

Remarks. 

Psr  MfiC. 

1,000 

2.5 

2,000 

8.5 

8,000 

4.6 

4,000 

5.4 

5,000 

6.0 

6,000 

6.7 

7,000 

7.1 

8,000 

7.6 

9.000 

9.3 

9,850 

Breaking  load. 

Parted  2  strands  firont  of  thimble.    Rope  cut  on  eye-plate  of  testing- 
machine  in  drawing  up  the  fastening. 
Fractured  end  prepared  for  second  test  with  a  spliced  eye. 
Breaking  load,  11,400  pounds. 
Fractured  on  strand  at  the  splice. 

No.  218.    (Navy-yard  No.  84.) 

3r ,  4  strands.  ^^^  '''^''' 

33  yams  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
Ibads. 

Elongation. 

Remarks. 

Pound§. 

Percent. 

1,000 

8.1 

• 

2,000 

4.2 

3,000 

&4 

4,000 

6.2 

5,000 

7.1 

6,000 

7.5 

7,000 

8.3 

8,000 

8.9 

12,100 

•  •^••*  •  •••• ••• 

Breaking  load. 

Parted  2  strands  between  thimble  and  seizing. 
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No.  219.    (Navy.yard  Ko.  85.) 
Hemp  rope. 


3^^',  4  strands. 

24  yams  per  strand. 

Strands  laid  one  tarn  in  3.2  inches. 

Elongations  measured  in  4  feet. 


Applied 

lOAOO. 

Elongation. 

— 

Remarks. 

PWMdt. 

Peretni, 

1,000 

3.1 

2,000 

4.7 

8.000 

&4 

4.000 

5.7 

5.000 

7.8 

6.000 

7.8 

7,000 

8.8 

8,000 

0.2 

12,480 

Breaking  load. 

Parted  2  strands  at  the  seizing. 

Bope  did  not  slip  in  the  seizing  before  fracture. 

No.  220.    (Navy-yard  No.  85.) 

3J/',  4  strands.  ^^^  ^^• 

24  yams  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 


Elongation. 


Remarks. 


PouniiM. 

Pweent. 

1.000 

3.5 

2,000 

5.2 

8,000 

6.2 

4,000 

7.1 

5,000 

7.7 

6.000 

&8 

7,000 

0.0 

8.000 

0.6 

11,260 

Breaking  load. 


Parted  2  strands  at  the  seizing. 

No.  221.    (Navy-yard  No.  85.) 

3J'^  4  strands.  ^^^  '''^''' 

24  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Elongation. 

Percent. 
3.1 
4.2 
5.0 
5.4 
6.2 
7.1 
7.5 
8.1 

1 
Remarks. 

Pound*. 
1.000 
2,000 
3.000 
4,000 
5,000 
6.000 
7.000 
8,000 
10,800 

0,800 

1 
■ 

Maximum  load  sustained,  iheti  the  rope  slipped  in 

the  fMtenings. 
Highest  load  sustained  after  drawing  up  the  fasten- 

ing. 

1 

Parted  2  strands  under  the  seizing. 
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No.  222.    (Navy-yard  No.  88.) 

3J'S  4  strands.  ^^^  ^^'• 

22  yams  per  strand. 
Strands  laid  one  turn  in  3  inches. 
Elongations  measured  in  4  feet. 


AppUed 
loAds. 

Blongation. 

Remarka. 

1 

Pounde. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
1            7,000 
t           8,000 

PereenL 
3.1 
6.0 
6l0 
6l8 
7.5 
&1 
&0 

KAxiinaiii  load  siutaliied  before  the  rope  slipped  in 

tbe  fMteniiigs. 
Load  which  caused  fhusture  after  slipping  in  the 

fiMtenings. 

!         10,060 

8,000 

Parted  2  strands  under  the  seizing. 

No.  223.    (Navy-yard  No.  88.) 

3i'S  4  strands.  ^^^  '''^''' 

22  yams  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Blongation. 

Kemarks. 

PottiuU. 
1,000 
2,000 
8,000 
4,000 
5,000 
6.000 
7,000 
8,000 
11,400 

PereenL 
8.2 
4.6 
6.8 
6.7 
7.5 
7.0 
8.5 
0.0 

Breaking  load. 

Parted  3  strands  6  inches  from  the  seizing. 

Bope  did  not  slip  in  the  fastenings  before  fracture. 

No.  224.    (Navy-yard  No.  88.) 

3i'/,  4  strands.  ^"^^  ^^^- 

22  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Elongation. 

Bemarks. 

Peunde. 

Pereent. 

1,000 

8.8 

2,000 

4.7 

8,000 

&0 

4,000 

6.4 

6,000 

7.1 

6,000 

&6 

7,000 

0.2 

8.000 

0.4 

0,850 

Maximnm  load  snstained,  then  slipped  in  the  fluten- 

ings,  the  load  falling  to  6,000  pounds  while  slip- 

aooo 

ping  was  going  on. 
Highest  1m^  snstained,  then  parted  two  strands 
under  the  seising. 

« 
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(No.  225.    (Navy-yard  No.  89.) 

Hemp  rope. 
3j'',  4  strands. 
26  yarns  per  strand. 
Strands  laid  one  tarn  in  3  inches. 
Elongations  measured  in  5  feet. 


1      Applied 

KloDgatlon. 

Pvroent, 

.3.5 

5.4 

7.1 

8.2 

9.8 

11.0 

12.1 

12.7 

Ilemarks. 

1 

Pound». 
1,000 
2,000 
1           3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
8,050 

7,200 

1 

1 

1  Matimnm  load  8nntained,tben  slipped  in  tbe  fasten- 
ings, load  falling  to  6,000  poonos  while  slipping 
was  going  on. 
Highest  load  reached  after  the  rope  had  drawn  np 
the  fastenings. 

Parted  2  strands  under  tbe  seizing. 

No.  226.    (Navy.yard  No.  89.) 

Hemp  rope. 
3^'',  4  strands. 
26  yams  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
Ibads. 

Elongation. 

Remarks. 

Pound9, 

PercnU. 

1,000 

8.6 

2,000 

&0 

8,000 

7.8 

4,000 

&6 

5,000 

0.9 

6,000 

11.2 

7.000 

12.2 

8,000 

13.0 

8,880 

Breaking  load. 

Parted  2  strands  midway  standing  part  of  rope. 
Eope  did  not  slip  in  the  fastenings. 

No.  227.    (Navy-yard  No.  89.) 

Hemp  rope. 
3i",  4  strands. 
26  yarns  per  strand. 
Elongations  measured  in  4  teet. 


^iSEil*^     i  Elongation. 


Remarks. 


Pound*, 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,200 


Pere$nL 

8.6 

5.7 

7.8 

8.3 

0.4 

10.0 

12.0 

12.8 


Breaking  load. 


Parted  2  strands  at  the  seizing. 
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No.  228. 

Russia  hemp  rape. 
4",  3  strands.  • 

50  yams  per  strand. 
Spliced  eye  at  each  end. 
Strands  laid  one  turn  in  ^  inches. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

KloDga* 
tion. 

Percent, 

Eemarks. 

PoundM. 

1,000 

6.4 

2,000 

6.8 

8,000 

9.6 

4,000 

10.6 

6,000 

11.7 

6,000 

12.3 

7,000 

12.7 

8.000 

13.8 

9.000 

18.8 

10.000 

14.4 

10,050 

Breaking  load. 

1 

• 

Parted  1  strand  at  the  splice. 


No.  232.    (Navy-yard  No.  87.) 
Hemp  rope. 


/',  4  strands. 
23  yams  per  strand. 
Strands  laid  one  tarn  in  2f  inches. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Sloogation. 

Bemarks. 

PoundM. 

PeretnL 

1,000 

8.9 

2,000 

5.4 

3,000 

6.7 

4,000 

7.7 

5,000 

&5 

6,000 

9.6 

7,000 

10.2 

8.000 

10.8 

IU.500 

**'/***'******■ 

Breaking  load. 

Parted  2  strands  in  standing  part,  2  feet  from  seizing. 

No.  233.    (Navy-yard  No.  87.) 

Hemp  rope. 
3i'',  4  strands. 
23  varus  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Klongation. 

Pound$. 

Pereent. 

1,000 

3.4 

2,000 

5.7 

3,000 

6.8       i 

4,000 

8.1 

5,000 

&8       ! 

6.000 

9.6        ! 

7,000 

10.2 

8.000 

10.6 

10.950 

Remarks. 


Breaking  load. 


Parted  2  strands  in  standing  part,  6  inches  from  seizing. 
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No.  234.    (Navy  yard  No.  87.) 

Hemp  rope. 
34",  4  strands. 
23  yarns  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

Blongation. 

• 

Remarka. 

Pounds, 

Percent 

• 

\ 

1,000 

8.1 

1 

2,000 

4.8 

3,000 

e.0 

1 

4,000 

7.1 

1 

1 

5,000 

7.9 

0,000 

9.2 

7.000 

9.8 

8,000 

10.4 

10,280 

BrMking  load. 

Parted  3  strands  near  middle  of  standing  part. 

No.  236.    (Navy-.vard  ISo.  136.) 

Hemp  bolt  rope. 
3i'',  3  strands. 
48  yarns  per  strand. 
Strands  laid  one  tarn  in  3|  inches. 
Elongations  measured  in  3  feet. 


Applied 
loads. 

1 
Elongation. 

Pounde, 

1 
Percent 

1,000 

8.5 

2,000 

5.2 

3,000 

e.tf        1 

4,000 

7.6 

5,000 

8.3 

6,000 

9.0 

7,000 

9.4 

8,000 

10.1 

11,700 
9,000 

Remarka. 


Maximam  load  sastained,  then  slipped  in  the  fast- 
enings, the  load  falling  to  6,000  pounds  while  the 
slipping  was  going  on. 

Highest  umA  reached  after  the  rope  had  drawn  ap 
in  the  fastenings. 


Parted  2  strands  at  the  seizing. 

No.  236.    (Navy-yard  No.  136.) 

Hemp  bolt  rope. 
Si",  3  strands. 
48  yarns  per  strand. 
Elongations  measared  in  3  feet. 


Applied 
loads. 

Elongation. 

Remarks. 

Pounde, 

Percent, 

1,000 

8.5 

2,000 

4.9 

8,000 

5.9 

4.000 

6.9 

5,000 

7.6 

6,000^ 

8.3 

7,000 

9.0 

8,000 

9.4 

12,400 

Breaking  load. 

Sqaare  break.    Parted  the  3  strands  near  middle  of  standing  part. 
Bope  did  not  slip  in  the  fastenings. 
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No.  237.    (Navy-yard  No.  136.) 

Hemp  bolt  rope. 
^"^  3  strands, 
yarns  per  strand. 
Elongations  measured  in  4  feet. 


▲ppUed 

lOMB. 

Blongation. 

Bemarks. 

PtmndM. 

P9re0nL 

1,000 

4.4 

2,000 

5.7 

8,000 

e.8 

4,000 

7.5 

5.000 

&3 

e.000 

8.8 

7.000 

9.4 

• 

8,000 

9.9 

12.900 

Breaking  load. 

Parted  1  strand  onder  the  seizing. 
Bope  did  not  slip  in  the  fastenings. 

No.  238.    (Navy-yard  No.  105.) 

Hemp  rope. 
m%  3  strands. 
29  yams  per  strand. 
Strands  laid  one  turn  in  3^  inches. 
Elongations  measured  in  4  feet. 


Applied 

Blongation. 

Remarks. 

Pcunda. 

PtrtetU, 

1.000 

8.1 

2,000 

4.4 

8,000 

5.5 

• 

4,000 

&5 

5,000 

7.0 

6,000 

7.8 

7.000 

&3 

8.000- 

&8 

11,300 

Breaking  load. 

Square  break.    Parted  the  3  strands  near  middle  of  standing  part. 

No.  239.    (Navy.yard  No.  105.) 

Hemp  rope, 
34'S  3  strands. 
29  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 
loads. 


Elongation. 


Remarks. 


Pimnd». 

PercmU 

1.000 

4.2 

2,000 

6.7 

3,000 

6.8 

4,000 

7.8 

5,000 

9.1 

6,000 

9.9 

7,000 

10.4 

8,000 

10.9 

11,750 

Square  break.    Parted  all  3  strands  in  standing  part,  1  foot  from 
seizing. 
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No.  240.    (Navy-yard  No.  105.) 

3i'S  3  strands.  ^^^  ^^*- 

29  yarns  per  strand. 
Elongations  measured  in  4  feet. 


'      Applied 
loads. 

Blongfttion. 

Remarks. 

Poundt. 

Per  cent 

1.000 

2.1 

2,000 

3.4 

8,000 

4.7 

4,000 

6.2 

S.OO0 

&8 

6,000 

7.8 

7,000 

7.8 

8,000 

8.3 

18,ft)0 

Braaking  load. 

Square  break.    Parted  all  three  strands  at  middle  of  the  standing 
part. 

No.  241.     (Navy.yard  No.  104.) 

arS  3  strands.  ^^^  ^^*- 

41  yarns  per  strand. 
Strands  laid  one  turn  in  3|  inches. 
Elongations  measured  in  4  feet. 


Applied 
loads. 

Klongation. 

Remarks. 

Poundg. 

Perunt, 

• 

1,000 

3.4 

2.000 

4.9  . 

3,000 

6.5 

4,000 

7.8 

6,000 

&6 

6,000 

9.4 

7,000 

10.2 

• 

8,000 

10.7 

.   9,000 

10.9 

10,000 

11.4 

12,900 

Mazimam  load  snstAined,  then  slipped  in  tiie  ftaten- 
ings.    Load  fell  to  6,000  poonds  while  the  slipping 

9,000 

was  going  on. 
Highest  load  reached  after  slipping  took  place. 

Parted  1  strand  at  the  seizing. 

No.  242.    (Navy-yard  No.  104.) 

3J'^  3  strands.  ^^^  '''^' 

41  yarns  per  strand. 
Elongations  measured  in  4  feet. 


Applied 

\hidB, 

Elongation. 

1 
1 

Poundt. 

PeretnL 

; 

1,000 

3.1 

2,000 

4.7 

1 

3,000 

6.0 

4,000 

7.3 

6,000 

&3 

6,000 

9.1 

7,000 

9.6 

» 

8,000 

10.2 

9,000 

10.4 

» 

10,000 

10.7 

12,600 

Breaking  load. 

Parted  2  strands  at  the  middle  of  the  standing  part. 
Bope  did  not  slip  in  the  fastenings. 
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No.  243.    (Navy.yard  No.  104.) 


3f '^  3  strands. 

41  yarns  per  strand. 

Elongations  taken  in  4  feet. 


Hemp  rope. 


Applied 
loado. 

BlongAtion. 

Bemarks. 

Poufult. 

PereenL 

1,000 

8.6 

2.000 

5.2 

3,000 

a6 

4.000 

7.6 

5,000 

&3 

0.000 

0.1 

7,000 

9.6 

8,000 

10.2 

9,000 

10.7 

10,000 

11.2 

18,280 

Brealdiig  IomL 



Parted  2  strands  nei^r  the  seizing. 


No.  244.    (Navy-yard  No.  138.) 

Hemp  boU  rope, 
3^^',  3  strands. 
51  yams  i>er  strand. 
Strands  laid  one  tnrn  in  3f  inches. 
Elongations  measured  in  5  feet. 


Applied 

iMdS. 

ElongAtioii. 

Bemarki. 

PouHdi. 
1,000 
2,000 
8,000 
4,000 
6,000 
6.000 
7,000 
8,000 
9.000 
10,000 
11,300 

PereemL 
8.1 
4.1 
5.6 
6.2 
6.9 
7.6 
7.9 
&8 

as 

9.2 

• 

Brealring  load. 

Parted  1  strand  at  the  seizing. 

When  the  load  reached  10.000  pounds,  slipping  in  the  fastening  oc* 
curred,  the  load  falling  to  4,000  pounds.  It  recovered  when  the  fasten- 
ings had  drawn  up,  and  reached  the  maximum  load,  11,300  pounds,  and 
fractured. 
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No.  245.    (Navy-yard  No.  138.) 

Hemp  holt  rope. 
3J",  3  strands. 
51  yams  per  strand. 
Elongations  measured  in  5  feet. 


Applied 
loads. 

BloDgation. 

Semarka. 

PowndM. 

PereenL 

1,000 

3.8 

2,000 

5.2 

8.000 

6.2 

4,000 

7.1 

5,000 

7.7 

6,000 

8.1 

7.000 

&8 

8,000 

9.2 

9.000 

9.6 

10,000 

10.0 

12.300 

Breaking  load. 

Parted  all  3  strands  in  eye,  front  of  thimble.  Slipping  occurred 
when  the  load  reached  10,000  pounds,  the  load  falling  to  4,000  poands 
while  the  slipping  was  going  on.  Fracture  occurred  under  the  maxi- 
mum load. 

No.  246.    (Navy-yard  No.  138.) 

Hemp  bolt  rope. 
3}'',  3  strands. 
51  yarns  per  strand. 
Elongations  measured  in  3  feet. 


loads. 

AlOUgBHOU. 

Pounds. 

Percent. 

1,000 

3.1 

2.000 

4.2 

."{.COO 

5.2 

4,000 

5.9 

5.000 

6.6 

6,000 

6.9 

7,000 

7.3 

8,000 

7.6 

9.000 

8.0 

10.000 

8.3 

12,000 

Bemarks. 


Maximum  load  anatatned  when  alipping  la  the  faat* 
enings  bofcan. 


The  load  fell  to  4,000  pounds  while  slipping  was  going  on.  It  recov- 
ered once  to  11,000  pounds  and  again  slipped,  falling  off  to  6,000 
pounds,  from  which  it  recovered  to  7,000  pounds,  when  fracture  oc- 
curred. 

Parted  2  strands  near  the  seizing. 
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15.— C0MP&E8SI0H  OF  (OLD)  &VBBEB  SPBDIO. 

[From  gun  carriage  in  ooone  of  alteration  at  Watertown  Araenal.] 

So.  317. 


Shape  of  spring  before  the  test, 

t 


6.55 


5 '90 


Weight,  10  pOQDds. 

Sectional  area,  27.8  sqaare  inches. 


Applied 
loada. 


Pounds, 
9 

1.000 

2,000 

3.000 

4,000 

5,000 

6.U00 

7,000 

8,000 

9,000 

10,000 

11,000 

12.000 

13.000 

14,000 

15,000 

0 


Mean 
length. 


Inches. 
5.72 
5.32 
4.84 
4.47 
4.03 
3.70 
3.40 
3.14 
2.06 
2.80 
2.68 
2.60 
2.50 
2.45 
2.36 
2.31 
5.15 


Comprea-     Comprea- 
alon.  aion  seta. 


Inehes. 


Inch. 


.40 
.88 
1.25 
1.68 
2.02 
2.32 
3.58 
2.76 
2.92 
3.04 
3.12 
3.22 
3.27 
3.36 
3.41 


0. 

.10 
.18 
.29 
.33 
.37 
.42 
.39* 
.51 
.58 
.52* 
.60 
.67 
.73 
.74 


Middle 
diameter. 


Inehes, 
6.10 
6.38 
6.72 
7.06 
7.48 
7.79 
8.12 
8.44 
8.78 
8.92 
9.11 
9.24 
9.42 
9.55 
9.68 
9.77 
6.71 


Bemarka. 


Compreaaion  aets  determined 
anuer  load  of  1,000  pounda. 


*  Before  these  seta  were  taken  the  load  on  the  rabber  waa  rednced  to  500  pounds,  then  in(  reased  to 
1,000  pounds,  when  the  sets  were  measured. 

Shape  after  the  iebt, 

tf 

T 


-t-t-- 


-K^,. 


5JS 


CD 


S.  Ex.  35- 


32 
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COMPRESSION  OF  NEW  RUBBER  GUN-CARRIAGE  SPRINGS. 
i  Specimens  stamped—'*  MRnufactored  by  Boston  Car  Spring  Co.,  Warrented."] 

Shape  of  epecimeni. 


Goiupression  sets  determined  under  initial  load. 
End  diameters  approximate  when  under  load. 

No.  318. 
Length,  6''.03. 
Diameter,  6".03. 
Diameter  of  core,  1".04. 
Sectional  area,  27.71  square  inches. 
Weight,  11  pounds. 


T 

t                     1 

Diameters. 

Middle  di- 

Applied 

Length. 

Compres- 
sion. 

Compres*  i 
sioD  sets.  1 

ameter 

loads. 

1 

under  ini- 

Jnehea. 

Inehet. 

1 

Inch. 

Bnd. 

Middle. 

tial  load. 

Pottndt. 

Inehet. 

Inehet, 

Inehet. 

500 

5.87 

0. 

0. 

6.03 

6.12 

6.12 

1,000 

5.70 

.17 

.02 

6.03 

6.24 

6.15 

1.600 

5.51 

.36 

.03 

6.03 

6.35 

6.15 

2.000 

5.34 

.53 

.06 

6.03 

6.48 

6.18 

2.500 

5.13 

.74 

.07 

6.03 

6.64 

6.18 

3,000 

5.00 

i             .87 

.07 

&10    , 

6.76 

&18 

3.500 

,            4.81 

'            1.06 

.09 

6.16 

6.87 

&18 

4,000 

4.65 

1.22 

.08 

6.16 

7.00 

6.18 

4,500 

4.50 

1.37 

.08 

6.18 

7.16 

6.19 

5,000 

4.35 

1.52 

.12 

6.29 

7.26 

9.19 

5.600 

'            4.20 

1.67 

.12 

6.38 

7.41 

&19 

6.0C0 

4.06 

1.81 

.09 

6.43 

7.65 

6.19 

0,500 

8.95 

1.92 

,             .13 

6.80 

7.66 

'            6.21 

7,000 

3.83 

2.04 

1             .15 

6.64 

7.77 

6.21 

7,500 

3.70 

2.17 

.15 

6.70 

7.91 

6.22 

8. 000 

3.62 

2.25 

.15 

6.78 

8.02 

6.22 

8.500 

3.  52" 

2.85 

.16 

6.89 

8.13 

6.22 

9,000 

3.43 

2.44 

.16 

6.06 

8.24 

6.23 

0.500 

3.35 

2.62 

.17 

7.06 

&34 

6.24 

10,000 

3  25 

2.62 

.17 

7.25 

8.46 

'            6.25 

S[)ring  removed  from  testing  machine  and  measurements  taken. 

Length,  5''.90. 

Middle  diameter,  6''.08. 

Measurements  after  spring  had  rested  20  hours : 

Length,  6". 

Middle  diameter,  6''.06. 

Again  placed  in  testing  machine  and  te^t  resumed. 
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Applied    '    T^^^i.        Compre«- 
1a^.  Length.  _|1L 


Diameters. 


■ion. 


Compres- 
Bion  sets. 


End. 


Pound*. 
500 
6,000 
10,000 
10,500 
11.000 
11,500 
12.000 
13,IH)0 
14,000 
15,000 
10.000 
17,000 
18.  (KM 
19,000 

au.ooo 


Inches. 
5.84 
4.00 
3.20 
3.21 
3.16 
3.11 
8.06 
2.94 
2.86 
2.80 
2.71 
2.65 
2.61 
2.56 
2.53 


Inehe*, 
.03 
1.87 

Inch. 
.03 

2.58 

2.66 
2.71 

2.76 

2.81 
2.98 

.17 

3.01 
3.07 
3.16 

.22* 

3.22  ■ 

3.26 

8.31 
a  34 

.so" 

Middle. 


Middled!. 

amoter 
nuder  Inl' 
tial  load. 


InehM. 

6.0*1 

a  15 

6.56 

7.63 

7.25 

a  40 

7.35 

a  48 

7.30 

a54 

7.46 

a  60 

7.55 

a67 

7.74 

a86 

7.86 

a97 

7.94 

9.04 

a  10 

9.20 

8.20 

9.28 

a27 

9.35 

a  36 

9.42 

a  43 

0.47 

Inchet. 
a  15 


a  26 


a80 


as? 


Spribiir  removed  from  testing  machine  and  tLeasurements  taken. 

Length,  5".8(). 

Middle  diameter,  6".24. 

End  diameter,  5".90. 

Ends  concave,  V.  Sine  ".06  and  ".08. 

Recovered  in  length  to  5".96  after  6  hours'  rest. 


No.  319.     (Marked  No.  2.) 
Length,  6".06. 
Diameter,  5".97. 
Diameter  of  core,  l".U6. 
Sectional  aren,  27.11  square  inches. 
Weight,  11  pounds. 


Diameters. 

Middle  di- 

Applied 

Length. 

1   Compres-  - 
siou. 

Compres* 

ameter 

loads. 

Bion  sels. 

1 

undt^r  Itii- 

Incket. 

Inehta, 

Inch. 

End.       1 

1 

Middle. 
Inehe*. 

tlul  load. 

Poundi. 

Inchei, 

Inchet. 

500 

5.90 

0. 

0. 

5.07 

a  07 

a  07 

1.  (too 

5.75 

.15 

02 

5.07     I 

6  16 

a  07 

1.  SCO 

5.5U 

.31 

.02 

5.07     ! 

a  27 

a  08 

2.0U0 

5.41 

.40 

.06 

a08    i 

a3ri 

a  10 

2,5(10 

5.25 

.65 

.05 

a  02 

a  48 

a  10 

3.000 

5.05 

.85 

00 

a  05 

a  62 

a  12 

3,500 

4.00 

1.00 

.08 

a  08 

a  73 

an 

4.000 

4.76 

1.14 

10 

a  14 

a  88 

a  12 

4,500 

4.61 

1.20 

.10 

a  20 

7.00 

a  12 

5.000 

4.47 

1.43 

.11 

a  25 

7.11 

a  12 

5,500 

4.33 

1.57 

11 

a  31 

7.24 

a  14 

6,000 

1 

4.21 

1.60 

12 

a  37 

7.32 

a  15 

Spring  removed  'from  testing  machine  and  measurements  taken. 

Length,  5''.98. 

Middle  diameter,  U'\ 

End  diameter,  5''.97. 

Measurements  after  spring  had  rested  15  hours: 

Length,  G".02. 

Middle  diameter,  6". 

End  diameter,  5".96. 

Spring  now  placed  in  testing  machine  and  test  resumed. 
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1 
1 

1 
Di*mefeers. 

Middle  di. 

Applied 
loads. 

Length. 

]  Compres- 
sion. 

Compres- 
sion seta. 

ameter     1 

1                      ' 

under  lot- 

1 

1 

InehM. 

End. 

1    Kiddle. 
Jnehes, 

tisl  load. 

PoufuU. 

Inch. 

Jnehst. 

Inchet. 

500 
6,000 

5.90 
4.27 

0. 
1.63 

5.97 
6.35 

•          6.08 
7.30 

6.08 

6.500 

4.12 

1.78 

.08 

6.38 

1           7.41 

6.11 

7.000 

4.00 

1.90 

.09 

6.50 

7.55 

6.12 

7,500 

3.90 

2.00 

.10 

6.57 

7.62 

6  14 

8,000 

8.82 

2.08 

.10 

6.65 

'           7.73 

6.12 

8.500 

3.72 

2.18 

.11 

6.75 

'           7. 8  J 

6.14 

9,000 

3.62 

2.28 

.14 

6.84 

7.93    , 

6.16 

9,500 

8.52 

2.38 

.14 

6,93 

8.08 

6.17 

10,000 

3.45 

2.45 

.16 

7.00 

8.11 

1 

6.17 

Spring  removed  from  testing  machine  and  measurements  taken. 

Length,  6".92. 

Middle  diameter,  6''.09. 

Measurements  after  spring  had  rested  1  hour : 

Length,  6".98. 

Middle  diameter,  6".06. 

End  diameter,  5".95. 

Spring  again  placed  in  testing:  machine  and  test  resumed. 


Cora- 


Diameters. 


\^t    ^-K*"-    proton. .  P""'»»  - 


Pound*. 
500 
6,000 
10,000 
10,500 
11,000 
11,500 
12, 000 
13,000 
14,000 
15,000 
16.000 
17,000 
18,000 
19,  000 
20.000 


).34 
121 


Inehea. 
5.83 
4.09 
3.46 
3.38 
3.3 
3 

3.17  ! 
3.10 
3.02 
2.90 
2.84 
2.79 
2.75 
2.70 
2.68 


Inehet. 
.07 
1.81 
•J.  44 
2.52 
2.56 
2.63 
2. 73 
2.80 
2.88 
3.00 
3.06 
3.11 
3.15 
3.20 
3.  •J2 


sets. 


Inch. 
.07 


End.       Middle. 


Middle  di- 
ameter 

nnder  ini- 
tial load. 


I 


I  - 


.22 


26 


37 


Jnchet. 
5.97 
6.41 
7.00 
7.09 
7.15 
7.21 
7.26 
7.46 
7.51 
7.66 
7.84 
7.90 
7.97 
8.05 
8.11 


Inchet.  ,     Inches. 

6. 13  6. 13 

7.47  

ai2  

8.22    

8.27    

8.36    

8. 40  6. 22 

8.57    

8.67    

a  70  6.27 

8.95    

9.02    

9.06  

9.13    

9. 19  &  36 


Applied 
loads. 


Length. 


Com-     ' 
pression.  i 


Poundt. 

1,000 

2.000 

3,000 

4,000 

5.000 

6.000 

7.000 

8.000 

9.000 

10,000 

11,000 

12,  000 

13.000 

14.000 

15,000 

16.  000 

17.000 

Mi.vm  ! 
in.  100 
IM),  uuo  , 


Inches. 
5.43 
5.10 
4.75 
4.43 
4.10 
3.80 
3..'>8 
3.38 
3.25 
3.15 
3.05 
2.98 
2.91 
2.85 
2.81 
2.78 
•2.74 
2.70 
:•.  67 
1*.  aj 


Jnchei. 

.47 
.80 

1.47 
1.80 
2.10 
2.32 

2.  62 
2.65 
2.75 
2.85 
2.82 
2.99 
3.05 
3.09 
3.12 
3.16 
X  2(1 
3.2:i 

3.  L'7 


is 

9 
S 

s 

CO 

M 

0 

9 
p. 
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Spring  removed  from  testing  machine  and  measurements  taken. 

Length,  5".81. 

Middle  diameter,  6''.25. 

End  diameter,  6".87. 

End8  concave  V.  Sine  ".08  and  ".10. 

Eecovered  in  length  to  5".93  after  4  hoars'  rest. 


Date. 


1883. 
Jalj  12 

12 

14 
16 
17 
18 
1» 
23 

24 
24 
•.'.'» 

^«} 
27 
28 
30 
I 
3 
25 
27 


Sept. 


Got 


Nov. 


Dec. 


28 

28 

29 

I 

1 

1 

2 
3 
4 
5 
6 
6 
8 
9 
12 

13 

L-i 

18 

16 

31 

I 

1 

1 

1 

2 

3 

r> 

6 
10 
11 
12 
12 
12 

12 
13 


PRIVATE  TESTS. 
[Prom  Jaly  1,  1883,  to  June  80.  1884.] 


Material. 


For  whom  tested. 


2  wrou;;bt-iroti  eye- bare 
do 


1  wrougbMroo  column  . . 

2  wroaght-iron  columns. . 
1  wroiiKht-iron  column  . . 

3  steel  plates 

1  sU'el  plate 

2  Kroujsbt-iroD  cyt-bara  . 


3  wronfiht-iron  pyc-bars 

4  wTuo^ht-irou  stirrups. 
1  wrouKbt-iron  column . . 


2  wrongbt  iron  culumos. 

1  8t<*«*l  eye-bar 

2  steel  eye-bars 

1  steel  eye- bar 

do 

do 

do 

3  steel  boiler-plates 


2  steel  boiler-plates 

12  steel  boiler-plates   

8  steel  >>oiIer-plates 

11  steel  boiler-plates 

1  wToujsbt-iroD  boiler-plate 

2  wrought-iron  plates 

10  steel  boiler-plates 

8  steel  boiler-plates .  . 
do :. 

11  sterl  boiler-plates 

9  steel  boiler-plates 

3  steel  boiler-plates 

4  steel  boiler-plates 

10  steel  boiler-plates 

1  wrought-iron  eye-bar  . . . 


do 

do 

do 

1  steel  eve- bar 

25  sieel  fioiler- plates  .. 

3  wnmght-iron  bars... 
14  steel  plates 

1  wrougbt-iron  bar. . . . 

4  wron^ht-irop  plates. 

2  wrougbt-iran  braces. 

3  brick  piers  

7  brick  pieis 

2  brick  piers 

6  pieces  sandstone  . . . 

4  piocoH  sandstone  ■ . . . 

7  wruught-iron  bars. .. 
1  wrougbt-iron  plate.. 

8  pieces  belting 


3  wronght-iron  bars 

10    pieces    wroaght-iron 
chain. 


Name. 


Paasaic  Rolling  MiU  Com- 
pany. 

Saint  Louis  and  Santa  F6 
Railway. 

Dominion  Bridge  Company  . . 

do 

do 

E.  D.  Leavittjr 

do 

Passaic  Rolling  Mill  Com- 
pany. 

City  uf  Lowell 

do  

Passaic  Rolling  Mill  Com- 
pany. 

George  S.  Morrison 

do 

do 

do 

do 

do 

Philadelphia  Water  Depart- 
ment. 

do 

Channing  Whiteker  ....:.... 

E.  D.  Leavitt,jr 

do 

H.  E.  Penney 

Boston,  Hoosnc  Tunnel  and 
Western  Railway. 

E.  D.  Leavltt,  jr 

do 

do 

do 

do 

Park  Brothera  St.  Co 

Channing  Whitaker 

do 

Boston,  Hoofwo  Tunnel  and 
Western  Railway. 

do 

Central  Bridge  Works 

do V 

George  S.  Morison 

City  of  Boston 

Lloyd  A  Symes 

City  of  Boston 

Dodge,  Haley  StCo 

A.  H.  Howlsnd 

REstabrook  &  Son 

City  of  Philadelphia 

do 

do 

H.H.Dodge 

Dodge,  Haley  &.  Co 

Llovd  &.  Symes 

Yafe  and  Towne  Manufact- 
uring Company. 

Conconl  Axle  Company 

Train,  Dorr  &  Co 


City  and  State. 


Paterson,  N.  J. 
Saint  Louis,  Mo. 

Toronto.  P.  O. 

Do. 

Do. 
Cambridgeport, 

Do. 
Patei  son,  N.  J. 

Lowell.  Mass. 

Do. 
Pateraou,  K.  J. 


Do. 
New  York,  N.  Y. 

Do. 

Do.  I 

Do. 

Do. 

Do. 
Philadelphia,  Pa. 

Do. 
Lowell,  Mass. 
Cambridgeport,  Mass. 

Do. 
Minnes  polls,  Minn. 
Saratoga  Springs,  K.Y. 

I 

Cambridgeport,  Mass. 

Do. 

Do. 

Do. 

Do. 
Boston,  Mass. 
Lowell,  Mass. 

Do. 
Saratoga,  N.  Y. 

Do 
BniTalo,  N.  Y. 

Do.  j 

New  York,  N.Y. 
Boston,  Mass. 

Do. 

Do. 

Do. 
Quincy.  Mass. 
South  Boston,  Mass. 
Philadelphia,  Pa. 

Do. 

Do. 
Washington,  D.  C. 

Do. 
Boston,  Mass. 

Do. 
Stamford,  Conn. 

Penacook,  N.  H. 
Boston,  Mass. 
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For  wbom  tested. 


I 


Date. 


1883. 

Dec   14 

14 

15 

17 

28 

1884. 

Jan.     2 

3 
3 
4 

5 

7 
8 
9 
0 
19 
19 

21 
23 
24 

28 
Feb.     6 

15 
27 


Mar. 


Apr. 


May 


Jane 


11 

11 

13 

8 

5 

7 

8 

10 

11 

12 

12 

17 

18 

19 

3 

5 

6 

7 

8 

0 

10 

2 

5 

6 

7 

10 

11 

18 


Material. 


4  pieces  beltin/ir 

14  steel  boiler-plates 
12  steel  boiler-plates 

1  cast-iron  bar 

2  pieces  sandstone . . 


Name. 


Talcott  Sc,  Bndlong. 

City  of  Boston 

do 

Golding^  Co 

Norcross  Brotbers . 


City  and  State. 


2  steel  plates. 


1  steel  plate 

5  steel  Kara 

7  steel  bars    

8  8teel  Iwrs 

1  steel  plate 

7  wronp;bt-1ron  bars. . 
5  steel  plates 

1  steel  plate 

2  coni]iosition  blocks . 
0  cast-iron  bars 


Pennsylvania  Railroad  Com- 
panv. 


do 
do 
do 
do 
do 


I  Concord  Axle  Company  . . . . 

I  City  of  Boston 

I  Lloyd  &,  Symes   

t  Martin  A  Brown 

'  Q.W.&.  F.  Smith  Iron  Com- 


pauv. 

8  cast-iron  bar9 , do 

4  cast-iron  bars do 

4  steel  plates ,  Philadelphia  Water  Depart- 

!      ment. 

6  white-metal  plates Metallic  Brnsb  Company 

1  cast-steel  bar Guiding  &  Co    

1  cast-iron  bar ' do 

2  pieces  composition  wire .  I  Samuel  Norris 

1  wroaght-iron  boiler-plate  I  Chicago,     Milwaukee     and 

Saint  Panl  Railroad  Com- 
'      pany. 
4  pieces  mbber  belting  . . .  <  Hall  Rubber  Company 

1  cast-hteel  eye-bar  . I  Jos.  W.  Howard 

2  breeching  hooks    i  Kenneth  Mackay 

4  wrought^iron  plates Grand  Trunk  Railway  

1  piece  stone ;  H.  N.  F.  Marshall 

2  wrought-iron  bars |  Cleveland,  Brown  St.  Co 

1  wrought-iron  bar do 

2  wrought-iron  bara do 

do ' do 

3  bars  iron Concord  Axle  Company 

2  bars  steel >  ...  do .* 

28teel  plates £. D.  Leavltt, jr 

do do 

3  steel  plates do 

do ' do         

4  steel  plates do 


do 
do 
do 
do 
do 


do 
do 
do 
do 
do 


2  steel  plates do 

do    

do* 

4  steel  plates 

2  steel  plates 

do 

1  piece  stone  


do 

do 

do 

do 

....  do 

H.  N.  F.  Marshall 


Providence.  R.  I. 
Boston,  Mass. 

Do. 

Da 

Do. 

Altoona,  Pa. 

Do. 

Do. 

Do. 

Do. 

Do. 
Penacook,  N.  H. 
Boston,  Mass. 

Do. 

lio. 

Do. 

Do. 
Do. 
Philadelphia,  Pa. 

Boston,  Mass. 

Do; 

Do. 
Bristol.  R.  I. 
Boston.  Mass. 


Do. 

Do. 

Do. 
Montreal.  P.  Q. 
Northfield,  Mass. 
Cleveland,  Ohio. 

Do. 

Do. 

Do. 
Penacook,  N.  H. 

Do. 
Cambridgeport,  Mass. 

D«. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Vq. 

Do. 

Do. 

Do. 

Do. 

Po. 

Do. 
Northfield.  Mass. 


ERRATA. 


Page     7:  Page  ''64"  aboald  read  page  '<69". 

Pag^   13 :  Length  center  to  center  of  pins  tihoald  read  **  Ib'-O"  *\ 

Page    16 :  '*  Oauged  length  along  center  line  of  channel  A,  200"  ".     (OmtHsiou, ) 

Page    53:  For  *'6.28"  square  inches  read  "5".28". 

Page  100  >  For  **92""  brick  pier  read  *'12"". 

Page  252 :  S apply  page  number  of  cylinder  X 1-285. 

Page  291:  Successive  permanent  set  '' 0''.000404 '' shonld  read  ''0^000044". 

Page  357:  Permanent  set  section  A  '*0".012287"  should  read  **  0".012787  ". 

Page  358:  Successive  elougat ion  section  B  '< 0''. 005280 '' should  read  '<  0''. 000280 '^ 

Page  449:  Resistance  of  8d.  nails  driven  1''.5  for  "  4  Ibs.per  sqnareinch  "  read  'M50 
lbs.  per  square  inch". 

Page  449:  Total  resistance  of  20d.  nails  for  '*  74  pounds  *'  read  ''  740  poands". 

Page  452:  Surface  of  spikes  driven  in  stick  B  for  ''6.00  square  inches"  read  '^6.50 
square  inches". 

Page  456:  "Spikes  driven  in  stick  D,  surface  in  wood  6.50  square  inches  ".  (Omis- 
sion.) 
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AnalyseSi  chemical 445 

Bricks 1 69 

Bay  State  (old) 71 

Common , 70 

Face 70 

Brick  piers: 

Details  of  common  brick 92 

Details  of  common  brick  (old),  Bay  State 103 

Details  of  common  brick,  North  River 2^)7 

Details  of  face  brick 79 

Remarks  on  tests 74 

Tabulation 77 

Tabulation,  North  River  brick 235 

Bronze : 

Life-saving  guns .•. 422 

Oldfi-pounder  gans 432,434,436 

Old  6-pounder  guns,  recast 433,435,437 

Cements 125 

Dyckerhoff's  Portland: 

Details  of  cubes ^ 128 

Ta  bnlation  of  cubes 128 

Tabulation  of  prisms 130 

Pier  of  cement  prisms  and  free-stone  cube 157 

National  Portland : 

Description 196 

Details  of  concrete  cubes 205 

Details  of  mortar  cubes 199 

Tabulation  of  cement  concrete 198 

Tabulation  of  cement  mortar 197 

Newark  Conipany'.s  Rosendale : 

Description 187 

Details  of  concrete  cubes 192 

Effects  of  tests  on  wood  cushions 189, 191 

Tabulation  of  cement  concrete 190 

Tabulation  of  cement  mortar 188 

Norton's  cement : 

Description 166 

Details  of  cement  concrete 177, 183 

Details  of  cement  mortar 168, 174 

Tabulation  of  cement  concrete 167 

Tabulation  of  cement  mortar 166 

Columns,  wrought  iron,  built : 

Descriptioo  of  tests 9 

Details  of  tests : 

6-i'nch  channels,  with  continuous  plates,  flat  ends 11 

6-inch  channels,  with  continuous  plates,  pin  ends 13 

6-inch  box,  ^inch  plates  and  angles,  pin  ends 19 

8-inch  channels,  solid  web,  pin  ends 27 

8-inch  channels,  with  continuous  plates,  flat  ends 31 

8-inch  channels,  with  continuous  plates,  pin  ends 33 

'                8-inch  box,  iVi^<^^  P^Ates  and  angles,  flat  ends 37 

8-inch  box, -i^- inch  plates  and  angles,  flat  ends 45 

8-inch  channels,  latticed  and  continuous  plate,  flat  ends 51 

8-inch  channels,  latticed  and  continuous  plate,  pins  in  center  of 

gravity  of  channels 54 

8-inch  cnannels,  latticed   and  continuous  plate,  pins  in  center  of 

gravity  of  channels  and  continuous  plate 57 

10-lnch  channels,  latticed  and  continuous  plate,  flat  ends 61 

Tabulation  of  results 65 

&0S 


506  INDEX. 

Contraction  of  area  of  steel  bars :  P^K^- 

Variation  in 348,:}52 

Cordage,  hemp  and  manila 473 

Details  of  hemp 486 

Details  of  hemp  bolt  rope 492,495 

Details  of  hemp,  Russia 491 

Details  of  roauila 47c^ 

Standard  of  length  for  new  rope 473 

Tabulated  results  of  hemp 476 

Tabulated  results  of  manila 474 

Diagrams : 

Compressive  streugth  of  cement,  mortar,  eoncret<e,  and  freestone 243 
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